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Abstract

This paper studies the provision of deposit insurance along with liquidation decisions without com-
mitment in an economy with heterogenous households. The analysis separates control of the balance
sheet of a failed bank from the provision of deposit insurance. We study the factors that determine
orderly liquidation and the effects of this policy on the prospect of bank runs. We also study the pro-
vision of deposit insurance and its financing. Redistribution plays a key role in the deposit insurance
decision. When households are identical, deposit insurance will be provided ex post to reap insurance
gains. But the ex post provision of deposit insurance redistributes consumption when households differ
in their claims on the banking system as well as in their tax obligations to finance the deposit insurance.
Deposit insurance will not be provided ez post if it requires a (socially) undesirable redistribution of
consumption which outweighs insurance gains. Heterogeneity across households also impacts the optimal

liquidation decision.

1 Introduction

Sleep well, knowing that since the creation of the FDIC in 1934, no depositor has ever lost one

penny of insured deposits.’

This quote captures the widely held belief that a government institution, such as the FDIC, will support
the depositors of failed banks through deposit insurance. Within the framework of Diamond and Dybvig

(1983), the implications of deposit insurance are well understood. If agents believe that deposit insurance
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will be provided, then bank runs, driven by beliefs, will not occur. In equilibrium, the government need not
act: deposit insurance is never provided and costly liquidations need not occur. Instead, deposit insurance
works through its effects on beliefs, supported by the commitment of a government to its provision.

Yet, recent events during the financial crisis leads one to question this commitment of the government. In
many countries, such as the US, the parameters of deposit insurance were adjusted during the crisis period.
In other countries, such as UK, ambiguities about the deposit insurance program contributed to banking
instability. In yet other countries, such as China, the exact nature of deposit insurance is not explicit. And,
in Europe, the combination of a common currency, the commitment of the ECB not to bailout member
governments and fiscal restrictions, casts some doubt upon the ability of individual countries to finance
deposit insurance as needed. If the country specific deposit funds are unable to meet the demands under
a systemic run: how then will deposit insurance be provided? Events in late March 2013 in Cyprus makes
clear the political and economic difficulty a country faces in funding deposit insurance and the bailout of
failed banks.

Finally, in all of these instances, there is also the question of how broadly to define a bank and thus the
types of financial arrangements deposit insurance (in some cases interpretable as an ez post bailout) might
cover.? The bailout of AIG, for example, along with the choice not to bail-out Lehman Brothers, makes
clear that some form of deposit insurance is possible ex post for some, but not all, financial intermediaries.

The quote from the FDIC does not pertain to these near-banks as they are not covered by deposit
insurance. Recent US legislation, the so-called Dodd-Frank bill, provides a process, termed an “Orderly
Liquidation Authority”, hereafter OLA, to deal with failed financial institutions outside of the FDIC system.
In these instances, the regulations guide the sale of bank assets.

Taken together, these events highlight ambiguities about the nature of interventions in the banking
system, including provision and extent of deposit insurance. This motivates our study of interventions,
through the OLA and DI, without any commitment. A finding that deposit insurance will be provided ez
post without any commitment whatsoever establishes a firmer basis for the benefits of this insurance. A
finding that deposit insurance will not be provided ex post suggests guidelines for policy design ez ante to
change these ex post incentives. Likewise, characterizing the optimal liquidation policy ez post is relevant
when authorities will have discretion over the assets of a failed banking institution.

There are two central building blocks for our analysis. First there is the standard argument about gains
to deposit insurance, as in Diamond and Dybvig (1983). These are present in the ez post choice of providing
deposit insurance since agents face the risk of obtaining a zero return on deposits in the event of a run.

Second, there are potential costs of redistribution across heterogeneous households that may not be
desired. This depends on the social objective function. If the social objective favors equality of consumption,

then the provision of deposit insurance may lead to less equal consumption distributions and thus be socially

2This was brought out clearly in a presentation, http://www.federalreserve.gov/newsevents/speech/bernanke20100924a.

htm , by Ben Bernanke at Princeton University in September 2010.



Preliminary and Incomplete 2 DECENTRALIZED ALLOCATION

costly.?

This redistribution is explicit in the provision and funding of deposit insurance. The heterogeneity across
agents also leads to a liquidation policy that varies with the magnitude of deposits.

A central trade-off we study is between the insurance gains of deposit insurance and the costs of the
redistribution. The redistribution arises both from the distribution of deposits across heterogeneous house-
holds and the tax obligations needed to finance deposit insurance. As long as the insurance gains dominate,
deposit insurance will be provided ex post and there is no commitment problem. But, if the deposit insurance
entails a redistribution from relatively poor households to richer households and the social welfare function
places sufficient weight on poor households, then deposit insurance will not be provided.

In the bank runs literature following Diamond and Dybvig (1983), Ennis and Keister (2009) focus on ez
post interventions in the form of a “deposit freeze” and payment rescheduling. An important feature of that
analysis is the lack of commitment: the decision on the policy intervention arises during the run. Keister
(2010) studies the trade-off between the ex ante incentive effects and ex post gains to a bailout. Here the
attention is on the design of ex ante measures given the prospect of a bailout ex post.

Neither of those papers focus on the heterogeneity across households and thus the redistributive aspects
of deposit insurance and liquidations. The redistributive effects of different forms of bailouts are surely
present in the ongoing political debate. These effects are central to the contribution of this paper.

Our presentation explores the trade-off between deposit insurance and redistribution. We study a decen-
tralized environments where competitive banks contract with households. The capacity for redistribution is
progressively limited so that a trade-off emerges between redistribution and insurance. Richer households
will gain from deposit insurance simply because of their larger claims on the banking system. Unless these
claims are offset by progressive taxes to fund deposit insurance, the provision of deposit insurance is regres-
sive: transferring resources from the poor to the rich. If this redistribution runs counter to social welfare,

then deposit insurance may not be provided ex post despite insurance gains.

2 Decentralized Allocation

We study the decentralized allocation through bank contracts. This approach has a couple of advantages.
First, it allows us distinguish the three important actors in the problem: households, banks and the govern-
ment. Second, we can focus on government provision of deposit insurance and the taxation to finance this
redistribution. This provides some insights into the trade-off between redistribution and insurance.

We first make clear the contracting environment, detailing feasible contracts and the role of sequential

service. We then turn to the optimization problems of households and banks.

3These costs of redistribution play a key role in the Cooper, Kempf, and Peled (2008) study of bailout of one region by

others in a fiscal federation.
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2.1 Environment

The model is a version of Diamond and Dybvig (1983) with heterogeneity across the endowments and hence
deposits of agents. The model is structured to highlight a tension across agents based upon their claims on
the financial system.

There are three periods, with ¢ = 0,1,2. In periods 0 and 1, each household receives an endowment of

the single good denoted o = (a®

,@). We index households by their period 0 endowment and refer to them
as type a’. Let f(a®) be the pdf and F(a®) the cdf of the period 0 endowment distribution.

Households consume in either period 1, or in period 2. In the former case, households are called “early”
consumers, in the latter case, “late” consumers. Hereafter we term this the “taste type” of the household.
The fraction of early consumers for each type of household is 7. The preferences of households are determined
at the start of period 1. Utility in periods 1 and 2 is given by v(cF) if the household is an early consumer
and by v(cF) if the household is a late consumer. Assume v(-) is strictly increasing and strictly concave.

There are three important assumptions about the environment. First, 7 is independent of o and second
there is no aggregate uncertainty in 7. Third, while the endowment type of a household is observed by the
bank, their taste type is private information. This is important for the discussion of bank runs.

There are two storage technologies available in the economy. There is a one period technology which
generates a unit of the good in period t + 1 from each unit stored in period ¢. Late households can store
their period 1 endowment using this technology.

There is also a two period technology which yields a return of R > 1 in period 2 for each unit stored in
period 0. This technology is illiquid though: it has a return of € < 1 if it is interrupted in period 1. If € < 1,
there is a non-trivial choice between investing in the two technologies.

The economy is assumed to be competitive. Households and banks act as price takers. Neither households

nor banks are large enough to impact the choices of the government.*

2.2 Contracts and Sequential Service

Banks offer contracts to depositors. A contract is dependent on the household endowment type as o is

observable. The taste type of the household is not observable to the bank. A contract stipulates a return on
deposits in the two periods, (r¥(a?),r(a)), for type a’.

The contract is implemented through sequential service. The contract we study and our model of se-
quential service is close in spirit to the model of Diamond and Dybvig (1983).

The contract stipulates one and two period returns per unit deposited for each endowment type. We call
this a simple contract in the discussion that follows. Our focus on these contracts comes from a version of
sequential service in which agents are unaware of their place in the queue. Thus it is not possible to makes
consumption allocations dependent on their place in line, as in Green and Lin (2000), or dependent on how

many depositors have been served before them, as in Peck and Shell (2003).

4As in Chari and Kehoe (1990), the government is the only large player in the game.
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Relative to the camping trip analogy of Wallace (1988), it is as if the campers had access to their own
cash machine (through an iPad) that allowed them to simultaneously request a withdrawal. Yet, behind the
scenes, the system that delivers the actual funds to the multiple banking machines works in a sequential
manner. In this way, it is not feasible to condition the withdrawal of one depositor on the actions of others.
Relative to the model of Peck and Shell (2003), we assume that depositors are unable to observe the number
of other depositors in line and the bank tellers are unable to keep track of the number of customers served.

We impose these strong informational restrictions on the process of sequential service to provide a basis
for the simple contract. We do so for a couple of reasons. First, our focus is on the provision of deposit
insurance given a run, rather than the conditions for runs. If we find, as we do, that deposit insurance
is optimally provided ex post, then we see that the simple contract does indeed uniquely implement the
full-information allocation. Second, deposit contracts do indeed take this simple form. If deposit insurance
is provided, then we are rationalizing the choice of this contract.

For now, as in Diamond and Dybvig (1983), we assume that neither the bank nor its customers place
positive probability on a bank run. We study the possibility of runs given an optimal simple contract.

The argument for ignoring the possibility of bank runs parallels the argument for the simple contract. If
the government has an incentive to provide deposit insurance, then, as we shall argue, bank runs disappear.
This rationalizes ignoring the prospect of runs in the first place.

Overall, our problem is structured to address a particular question: if banks offer the simple contracts
associated with the full-information allocation, will the government have an incentive to offer deposit insur-
ance. If the government chooses to do so, then the choice of the simple contract, ignoring the possibility of
runs is rationalized.

If the government decides not to offer deposit insurance, then of course the contracting problem has to

be restructured to take this into account. We do not tackle that problem here.

2.3 Bank Optimization

Competitive banks offer contracts to households. Through this competition, the equilibrium outcome will
maximize household utility subject to a zero expected profit constraint. Since household types are observable,
the contracts will be dependent on a.%

The bank chooses a contract and an investment plan, (r¥(a),r%(a),¢(a’)) to maximize household
utility, subject to a zero expected profit constraint for each type a®. The bank places a fraction of deposits,
#(a®), into the liquid storage technology which yields a unit in either period 1 per unit deposited in period
0. The remainder is deposited into the illiquid technology.

The zero expected profit condition for a type a® contract is:

rE (%) ma® + 7 (®)(1 — 1)a’ = ¢(a®)a® + (1 — ¢(a”))a’R. (1)

5Later we explore a case with restricted contracts in which private information makes this dependence infeasible.
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To guarantee the bank can meet the needs of customers, the following constraints on its portfolio must hold
as well:
p(a)a’ > r(a)aln and (1—o¢(a)a’R > r(a®)(1 — 7). (2)
Clearly if the two constraints in (2) hold with equality, then the zero expected profit condition is met. Note
that these conditions hold for any level of deposits.
The expected utility of a household given a contract is give by Uyo () = mv(a+x1(a®)) +mv(a+x?(a?)).
Here x(a?) = ri(a®)a’ is the total return to a deposit with endowment o in period i = E, L. It is more
direct and without loss of generality to characterize the contract in terms of the total return x(-) instead of

the return per unit of endowment.

2.4 Full-Information Allocation

The decentralized allocation maximizes Uyo (xF(a?), x%(a®)) subject to (1) and (2) for each a®. The first-

order condition implies

V(@ +xF(?) = Ro'(a+x"(a?)). (3)

In addition, the constraints in (2) are binding so that (1) holds. Both conditions characterize optimal
insurance across the two preference states for a household of type a®.

Denote this allocation by (x*£(a?), x*#(a®)). This allocation will serve as a benchmark in the analysis

that follows. In particular, the consumption of both early and late consumers is increasing in the level of

endowment, a’.

Proposition 1 Both x*#(a®) and x**(a®) are increasing in o°.

Proof. From the first-order condition, (3), x*(a?) is increasing in a? iff x*#(a®) is increasing in a®. So
either both consumption levels increase in a® or both decrease. Since the contract for each a yields the
bank zero profit, (1), households with higher a® and hence larger deposits much receive higher levels of both
early and late consumption compared to households with a lower a®. A contract supplying less to both early
and late households would be suboptimal. W

In this equilibrium, R > 1 implies that & + x*F(a®) > @ + x*£(a”). That is, the consumption of late
consumers exceeds that of early consumers for each type a®. Thus there is no incentive compatible for late
consumers to pretend to be early consumers, given that all other late consumers are patient and wait until

period 2 to withdraw from any of the banks.

2.5 Systemic Runs

As is well understood in the literature, there can be another equilibrium associated with a bank run. Since
agents’ taste types are private information, late households may choose to attempt to withdraw in period 1

if other late households are doing so as well.
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We ask two questions.® First, can there be a bank run? Second, if so, will the government have an
incentive to intervene, given its available tools?

We focus on symmetric equilibria in which the all banks have the same composition of depositors. In
this section, we assume there are runs by all agents on all banks in the system. We refer to this situation as
a “systemic run”.

The systemic run can arise for a couple of reasons. First, whatever mechanism exists that changes the
beliefs of depositors are common across banks. If one uses a model of sunspots as a means of describing the
determination of beliefs, then it could be that the sunspots are perfectly correlated across banks so that runs
are common. Second, it might be that the runs arise in a subset of the banks but there are linkages across
the banks so that the runs are propagated through the system. This is more of a contagion story.

For this decentralized allocation, a sufficient condition for runs is that the amount owed to all agents
claiming to be early consumers is less than the resources available to meet these demands for each a.”
For € near zero, this is equivalent to ¢(a®) < r¥(a®) for each a. Since (2) is binding, 7 < 1 implies
#(a®) < r(aV). In contrast to Diamond and Dybvig (1983), the condition for runs does not depend on the
curvature of the utility function when the two period technology has essentially no liquidation value.

For ¢ < 1, but non-negligible, the conditions for runs are discussed in Cooper and Ross (1998). In this
case, whether runs occur or not depends on the contracted returns to early and late consumers and thus
the portfolio choice of the bank. These choices depend, in part, on the risk aversion of the households as
discussed in Cooper and Ross (1998).

Since our focus is on the consequence rather that the conditions for runs, we assume that the liquidation
value and the household utility functions are such that a run occurs. Again, a sufficient condition for runs

is that € is close to zero.

2.6 Responding to a Run

Given the prospect of a run, we study the government’s response. There are two dimensions to government
intervention. The first, undertaken by a regulator, manages the bank in the event of a run. The regulator
controls the liquidation policy of the bank as well as payments to depositors. These payments to depositors
are limited by the information of the regulator and the ability of the depositors to mis-represent their taste
types. By construction, the regulator does not redistribute across types of households. This is made precise
below.

The second government action, undertaken by a Treasury, finances the provision of deposit insurance
through taxation. As well shall see, it is this taxation that creates the basis for redistribution and thus a

cost to the provision of deposit insurance.

6As in Cooper and Ross (1998), we could also study the choice of a deposit contract given that runs are possible. This is of

interest if the government does not have an incentive to provide deposit insurance.
TInstead of checking on run for each type, it is possible that a bank could cross subsidize across types in the event of a

partial run. This could then lead to a contagion effect within a bank.
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These actors are consistent with the structure of current banking regulation in the US. Under the Dodd-
Frank regulations, the Orderly Liquidation Authority (OLA) controls the asset sales of failed financial in-
stitutions not covered by deposit insurance. This control is then broadened to include deposit insurance for
banks covered by the FDIC.

We study these types of responses in turn. The next section studies the regulator’s problem without
access to any support through the Treasury. We then turn to the provision of deposit insurance after a run
without any intervention by the regulator in Section 4. Finally, the two pieces of the analysis are combined:

the provision of deposit insurance along with regulation is presented in Section 5.

3 Orderly Liquidation

This section studies the intervention by a regulator. In response to a run, the regulator has the power to
choose an optimal liquidation and revise the allocations made to depositors. The analysis characterizes this
intervention and provides conditions under which runs are prevented.

To study the response of the regulator to a run, we need to supplement the timing structure of the
model. The outcome will depend on what we assume that government knows and what tools it controls.
As discussed in Diamond and Dybvig (1983), a key piece of government intervention is avoiding inefficient
liquidation of long-term illiquid investments. As they put it, “ What is crucial is that deposit insurance frees
the asset liquidation policy from strict dependence on the volume of withdrawals.” Thus it is important that
not only deposit insurance be provided in some form but that liquidation be prevented as well.

Continuing with the model of sequential service provided earlier, the issue is what transpires over time as
the cash machines provide goods to the early withdrawers. We assume that once the sum of the withdrawals
exceeds the amount of liquid investment, the regulator is contacted and informed that a run is in process.®

This section focuses on the liquidation decision and the subsequent redistribution among agents not served
in the bank run. Given the resources available in the banks, the regulator will decide on the liquidation
of the illiquid investment and provide resources to early and late households. That is, we do allow it to
separate the households into early and late types. The optimization problem assumes that this separation
is incentive compatible, which we then verify.?

There are some limits to this intervention. The regulator is unable to tax households to finance deposit
insurance. This is the role of the Treasury. It is also unable to recapture the deposits received from the
household served in the bank run. Yet, the regulator will still intervene and may prevent bank runs.

Specifically, the optimization problem of the regulator at the time of its intervention is to choose a

liquidation policy, Z(a?), as well as allocations to early and late households, denoted by (¥ (a?), ¥*(a?)),

8Ennis and Keister (2009) call this a freeze. We do not consider suspension of convertibility directly. Instead, the bank calls

the regulator and in doing so suspends convertibility
9Here, in contrast, to the bank runs case there is no concern for multiplicity. The government offers a menu of allocations

and the households self-select.
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to maximize

(1-m) / w(@®)mo(@ + $E(a%))dF () + / w(@®)(1 - m)o(a + ¥ (a®))dF ()] (4)

The first term is the welfare of the early households and the second is for the late households. The
fraction already served prior to the intervention of the regulator is w. So the objective and constraints are
multiplied by the fraction not yet served. The weight for household of type o, given by w(a?), is included
to allow some households relatively more weight in the social objective, perhaps reflecting political power.

For each bank and o, there are two resource constraints:
(1 —mmx®(a’) = eZ(a’) (5)

(1=m - mx () =[(1 - ¢)a’ — Z(a")]R. (6)

In this problem, the regulator does not redistribute across wealth groups. This is a consequence of restriction

that constraints (5) and (6) hold for each a°.

Proposition 2 If € is sufficiently close to zero, then the optimal response of the requlator entails a limited

liquidation of the illiquid investment. This intervention will prevent runs.
Proof. Substituting the constraints into (4), the first order condition with respect to Z(a?) is
e’ (a+ 7 () + A (a?) = R/ (a + 3" (). (7)

Here AZ(a?) is the multiplier on the constraint Z(a®) > 0.

Assume € = 0, so there is no liquidation value. Then the solution to (4) must be Z(a") = 0. In this
case, the left-side of (6) is the total payout to the late households, (1 — 7)2%%(a®). This equals the fraction
of their deposits to the bank, multiplied by the return: (1 — ¢)a’R. From the full-information allocation,
(1 —7m)x*E(a®) = (1 — ¢)a’R. Hence ¥*(a®) > x*F(a). Since x*(a®) > x*F(a) from the competitive
equilibrium, ¥*(a®) > x*F(a?).

This last inequality implies that a late consumer would prefer not to be served and obtain the allocation
coming from the solution to (4). Thus late households have no incentive to run.

By continuity, this logic applies for € close to zero: the optimal reallocation prevents a run. Though once
€ > 0, there will be some liquidations in the solution to (7). W

This proposition indicates that runs are prevented by the optimal reallocation if the liquidation value is
small. If the liquidation cost is not very large, then the regulator will optimally choose to undertake some
liquidation.

The following proposition argues that the liquidation policy depends on the depositor’s wealth levels.

The result pertains to any € > 0.
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Proposition 3 For ¢ > 0, the solution to (4) entails no liquidation for low values of a® and positive

liquidation for sufficiently high values of .

Proof. From (7), suppose there exists a value of a’, denoted & such that the non-negatively constraint on
liquidation does not bind in the solution to (4) and liquidation equals zero: A?(&) = 0 and Z(&) = 0. The

first-order condition with respect to liquidation for this type would be

*L [~
o (@)e = Rv' (6 + XY, (8)
1—m
where, using (6), " (&) = XIL_(W&). Clearly & is monotonically increasing in %.

For o’ < &, the right side of (7) will be higher than the left at a® = & since, from Proposition 1, the
consumption of late households is lower for lower a®. Thus A?(a®) > 0 for a® < & in order for (7) to hold.

If a® > &, then the right side of (7) will be lower than at a® = &. For (7) to hold, Z(a®) > 0 and thus
A (a%) =0 for o > a.

To see that the allocations are incentive compatible, for a° < & there are no liquidations and ¥ > 0 so
late households have higher consumption than early ones. When there is liquidation, (7) holds. Since % > 1,
%% > %% > 0 and the allocation is incentive compatible.

For & to be interior, we argue that (8) cannot hold for the bounds of the a distribution when that
distribution is sufficiently dispersed. The link between the distribution of a® and (8) comes from the fact,
used earlier, that ¥*(a) = % for the critical value of a® where A\?(a) = 0 and Z(&) = 0. The link
between x*L'(&) and & comes from the full information solution: as & increases so does x*I'(&) in order for
(3) to hold.

If the lower support of the o distribution is sufficiently small, then the right side of (8) will exceed the
left side. If the upper support of the o distribution is sufficiently big, then the left side of (8) will exceed the
right side. At neither of these extremes will (8) hold with equality. So, if the distribution of o is sufficiently
dispersed in this sense, & will be interior. W

Proposition 3, in contrast to Proposition 2, does not make a statement about preventing runs. For low
values of o?, there are no liquidations. In that case, as shown in the proof to Proposition 3, ¥ (a®) = %
which, from the full information solution, is bigger than x*¥(a®). Thus for the low o households, the lack
of liquidation protects investment for late households and thus prevents runs.

But for sufficiently high a® households, the liquidation may reduce their consumption below the level,
x*#(a?), obtained in a run. This depends on the magnitude of the liquidation which, from (7), depends on
€. The following example illustrates how the magnitude of ¢ can determine if the liquidation eliminates a
run or not.

.

Assume preferences are represented by a CRRA utility function, v(c) = 17;. We explore the combi-

nations of v and € such that the intervention of the regulator prevents a run. The analysis is for a given

al.

10
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Figure 1: Runs Preventing Liquidation
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This figure shows combinations of v and e such that ¥ = x*¥. Below the curve, the FDIC

intervention prevents runs.

Figure 1 shows the inverse relationship between e and the critical value of . Along the curve, the late
households consumption level after the reallocation from liquidation equals the consumption of the early
households: ¥ = y*£. Below this curve, the combination of € and v implies that runs are prevented:
L > B

Intuitively, for a given value of ¢, as 7 increases, x*¥ will increase as well to reduce ;g—; in the full
information allocation. This requires that ¢ increase to fund the higher consumption of early households.
Consequently, the investment in the illiquid technology is lower and hence, all else the same, ¥” is lower.
This combination of a higher y*# and a lower ¥¥ means that runs are not prevented for sufficiently high
values of « given e.

This is one point where commitment enters the analysis. When there is no commitment to the magnitude
of liquidation, the incentive to liquidate may be strong to drive the consumption of late households below
that of households who are served at the start of the run. Thus the liquidation is optimal ex post but does
not prevent a run. Ez ante the regulator might have chosen to commit to less liquidation in order to prevent
runs. That policy is not followed in the absence of commitment.

Recall that the bank is not allowed to suspend convertibility unilaterally. Instead, at the point the bank

would have suspended it instead contacts the regulator. We think this is reasonable for two reasons. First,

11
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it is hard to imagine a bank suspending unilaterally in the current regulatory environment. Second, the
regulator could impose the same suspension policy as the bank. If it chooses not to, as shown in Proposition
3, it is clear that suspension by a bank is dominated.

This result has important implications for regulator’s interventions. Though the liquidation decision may
be optimal ez post, the redistribution may reduce the returns of late households enough that they choose to
participate in the run. In this sense, the policy of orderly liquidation alone may be insufficient to resolve
the fragility of the intermediation process. Of course, the regulator might promise ex ante to limit these

liquidations, but that promise is not credible without commitment.

4 Deposit Insurance

In the previous section, a regulator controlled the liquidation decision of the bank and was able to redistribute
the bank’s resources across groups of depositors. The regulator, however, had no access to tax revenues to
supplement the illiquid investment of the bank.

In this section, we study the response to runs from a very different perspective. Our focus is on the
conditions when deposit insurance is provided and funded through the taxation power of a Treasury. Thus
there are resources available here that were not present in the regulator’s problem.

In contrast to the previous discussion, the Treasury is unable to control the liquidation decision of the
bank. Further, there is, by assumption, no suspension at the bank level. If there is a run, it meets the
demands of depositors until its resource, both liquid and liquidated illiquid investment, are exhausted. At
this point, the Treasury has the authority to provide deposit insurance.

We ask: will deposit insurance be provided? If so, then this will be sufficient to prevent a run. This is a
very strong result as we have assumed away any actions by either banks or regulators to prevent runs. In
particular, if the deposit insurance is provided and negates incentives to run, the inability of the authorities
to limit liquidation is immaterial.

As we shall see, whether or not deposit insurance is provided will depend on the tax system that is used
to finance these flows. A key issue will be the redistributive effects of deposit insurance and the taxation
needed to fund these transfers.

We first describe household welfare when deposit insurance is provided and when it is not. We then
characterize the conditions under which deposit insurance increases social welfare and thus when it will be

provided ex post.

4.1 Household Welfare

If, ex post the government provides deposit insurance in the event of a run by all households, then social

welfare is:

12
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Wor _ / w(a®)o(@ + x*P(a%) - T(a%)) f(a®)da’ 9)

where \*F(a?) is the total promised by the bank to an early household of type . In this expression, w(a?)
is again the weight in the social welfare function given to a type a® household.

If w(a) is a constant, then the objective of the government is just a population weighted average of
household expected utility. In general, the structure of w(a®) will be relevant for gauging the costs and
benefits of the redistribution associated with DI.

Another key element in the redistribution is the tax system used to pay for DI. In (9), T(a?) is the tax

paid by an agent of type a’. Government budget balance requires

[ @@+ [60) + (1 = dla”)da®)(@)da = [ xE (@) (e)da’. (10)

The left-hand side of this expression is the total tax revenues collected by the government plus the sum
of the liquid investment and the liquidated value of the illiquid investment. Recall our assumption that
the government intervention arises prior to the liquidation of the illiquid investment. So, those resources
are available for reallocation if there is a systemic run and no gains in avoiding liquidation of the illiquid
investment. The right-hand side is the total paid to depositors.

If, ex post, there is a bank run without any government intervention, then social welfare is given by:

W — / w(a®)[¢v(@+ x*F(a®) + (1 - ¢)v(a)]dF (a?). (11)

Here ( is the probability a household obtains the full return on its deposit at a representative bank under

sequential service. As all households are assumed to be served with equal probability,

J[6(a®) + (1 — ¢(a?))€ea’) f(a®)da®
Jx*F(a®) f(al)da? '
The welfare values with and without DI are both calculated at the start of period 1. This is because the

(= (12)

government lacks the ability to commit to DI before agents make deposit decisions. The government can

only react to an actual bank run in period 1.

4.2 Welfare Effects of DI

The government has an incentive to provide deposit insurance iff A = WPT — WN! > 0. We can write this

difference as

A= [wle)c (@) + a - (") = o (") + &~ T))f(a)da” +

/W(ao)[v(éx*E(aO) +a) = Cu(x*F(a”) +a) - (1 = QJu(@)] f(a®)da” (13)



Preliminary and Incomplete 4 DEPOSIT INSURANCE

where T'= [ T(a) f(a”)da®.

Here there are three terms. The first two terms capture the two types of redistribution through deposit
insurance. One effect is through differences in tax obligations and the other effect comes from differences in
deposit levels across types. The third term is the insurance effect of deposit insurance.

Specifically, the first term captures the redistribution from taxes. It is the utility difference between
consumption with deposit insurance and type dependent taxes and consumption with deposit insurance and
type independent taxes, T

The second term captures the effects of redistribution through deposit insurance. The term v(x*#(a®)+
a—T)—v(¢(x*F(a®)+a) is the difference in utility between the consumption allocation if a type o household
gets his promised allocation and bears a tax of T and the allocation obtained if all households received a
fraction ¢ of their promised allocation. This second part is the utility of the expected consumption if there
are runs without deposit insurance.

The third term captures the insurance gains from DI. It is clearly positive if v(c¢) is strictly concave.
These gains are independent of the shape of w(a?).

Thus the key trade-off to the provision of DI ex post is whether the insurance gains dominate the
redistribution effects. Importantly, this trade-off was not present in the discussion of the planner’s solution.
In that case, the ability of the planner to redistribute across the heterogenous households implied that the
insurance gains from DI were independent of the redistribution. But in this decentralized economy they are
coupled.

Assume there is no heterogeneity across households, so F'(a) is degenerate. In this case, deposit insurance

is valued as it provides risk sharing across households of the uncertainty coming from sequential service.

Proposition 4 If F(a) is degenerate, v(c) is strictly concave, then the government will have an incentive

to provide deposit insurance.

Proof. In this case, the first two terms of (13) are zero. The third term is strictly positive since v(-) is
strictly concave. Hence A > 0. W

This is parallel to the standard interpretation of the Diamond and Dybvig (1983) model although it
obtains here without commitment. It highlights the insurance gain from DI when there are no costs of
redistribution. Here the insurance benefit is enough to motivate the provision of deposit insurance without
commitment.

When there is heterogeneity across households, these insurance gains may be offset by redistribution
costs. The next two subsections study these redistribution effects with type dependent taxes. In doing
so, we consider two situations. In the first one, the tax system to fund DI is set at the same time the
decision is made to provide DI or not. In this case, there is enough flexibility in the tax system to offset
any redistribution effects of DI. In the second scenario, we take the tax system as given and explore the

incentives to provide DI.

14
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4.3 Optimal Taxation: DI Will be Provided

Consider a government which can choose the tax system used to finance DI at the same time it is choosing
to provide insurance or not. This can be interpreted as the choice of a supplemental tax to fund DI.

In this setting, W27 is the solution to an optimal tax problem:
WP = mazp(ao) /w(ao)v(x*E(aO) +a—T(a%)f(a’)da’ (14)

subject to a government budget constraint (10). The first-order condition implies that w(a®)v’(x*E(a?) +
& — T(a®)) independent of a®. This creates a connection between w(a) and T'(a®) which can be used to

evaluate the gains to DI
Proposition 5 If T(a’) solves the optimization problem (14), then deposit insurance is always provided.

Proof.

Using the first-order condition from (14), we rewrite (13) as:

The second term is positive as argued previously. The first term can be shown to be positive as well.
To see this, do a second-order approximation of the second part of the first term, v({x*¥(a")+a), around
the first part, v(x*¥(a®) + @ — T(a?)). Using the fact that [T(a®)f(a®)da® = (1 —C) [ x*#(a®) f(a®)da®,

the first term reduces to

[ AU O TP ) T 0 15)

v'(x*F(a?) +a = T(a?))
which is positive as v(-) is strictly concave. Thus A > 0. W

Why is there always a gain to deposit insurance here? Because with this ex post tax scheme, the current
government can undo any undesirable redistribution coming from DI. Thus the redistribution costs are not
present.

This result is important for the design of policy. As governments strive to make clear the conditions
under which deposit insurance and other financial bailouts will be provided ez post, they ought to articulate
how revenues will be raised to finance those transfers. If a government says it will not rely on existing tax
structures but instead will, in effect, solve (14), then private agents will know that the government will have
enough flexibility in taxation to overcome any redistributive costs of deposit insurance. This will enhance
the credibility of a promise to provide deposit insurance ez post.

This intervention will (weakly) prevent a run. Along this path, all agents receive x*¥(a?), whether they

ran and were served by the bank directly or were later served by the deposit authorities.
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4.4 Type Independent Taxes: DI May Not be Provided

If the tax system to fund DI is not set ex post, costly redistribution may arise. Then the trade-off between
insurance gains and redistribution costs emerges. As we shall see, these redistribution effects can be large
enough to offset insurance gains.

To study these issues, we return to (13) which cleanly distinguishes the redistribution and insurance
effects. We start with a case in which taxes are independent of type to gain some understanding of the
trade-off and then return to the more general case where taxes depend on agent types.

To focus on one dimension of the redistributive nature of deposit insurance, assume that taxes are type

independent: T(a®) =T for all a®. Under this tax system, (13) simplifies to:

A= [wl@) (@) = T +a) — o6 P(a®) + @)l fla%)d(a”) +
[P0 +8) = ol Pla®) +a) — (1= Qula)]f(a")da’ (10
If taxes are independent of type, then the government budget constraint implies
7= [(¢F(a?) - 6(a%) + (1 - 6la”)da’)f(a")da’” (1)

With type independent taxes, redistribution arises solely from differences in deposits across types. In

some cases, this redistribution can be costly to society.

Proposition 6 Ifw(a®) is weakly decreasing in o°, then the redistribution effect of deposit insurance reduces

social welfare.

Proof.  The effects of redistribution are captured by the first term in (16). Using ¢ from (12), T
(1-20) [ x*F(a)f(a)da. Letting ¢(a’) = (x*F(a’) + @ and ¢ = [¢(a®)f(al)da® | the first term in (16)

becomes

/w(ao)[v(%(é(ao) =) +¢) = v(&(a”))] f(a®)da’. (18)

a%) —¢) +¢, is a mean-preserving spread of the second, ¢(a’). Both

—

The first consumption allocation, %(é
have the same mean of ¢ and since 1 > ( the variance of the first consumption allocation is larger. From the

results on mean-preserving spreads, if v(c) is strictly concave

/wuwm%—f+@—vmvﬁerMﬂwwm%<o (19)

Using the fact that the welfare weights integrate to one, we can write the first term in (16) as

/w&wm%—T+@%WKVEW%+@Mw%ﬂJ%%
cov(w(@®), v(x*F(a®) - T + @) — v((x** () + @)). (20)
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From the discussion above, the first term is negative. If w(a) is independent of o, then the covariance
term in (20) is zero and so (20) is negative. This corresponds to costly redistribution.

If w(a?) is decreasing in a’, then social welfare puts less than the population weight on high o agents.
The difference, v(x*F(a®) — T + &) — v(¢x*F(a®) + @) in (20) is increasing in o since x*F(a) is monoton-
ically increasing from Proposition 1. As a consequence, the covariance term in (20) is negative. Thus the
redistribution effects reduce welfare if either w(a®) is either independent of, or decreasing in, o”. W

Proposition 6 makes clear that the provision of DI may entail distribution effects that are socially unde-
sirable. There are two key pieces of the argument. First, if welfare weights are type independent, then the
provision of deposit insurance financed by a lump-sum tax creates a mean preserving spread in consumption.
This is welfare reducing. Second, if welfare weights are decreasing so that the rich are valued less than the
poor in the social welfare function, then the redistribution from poor to rich from the provision of deposit
insurance reduces social welfare further. This second influence is captured by the covariance term in (20).

This result contrasts with Proposition 4 which eliminates the redistribution issue and thus highlights the
gains from the provision of deposit insurance. One important factor in the trade-off between insurance and
redistribution is the underlying distribution of income and thus of deposits. In the following proposition we

look at changes in the distribution of claims by early households, denoted H(x*¥).

Proposition 7 If v"'(-) < 0 and w(ag) is constant, then A is lower when H(-) is replaced by a mean-

preserving spread.

Proof.
We rewrite (16) to express the gains from deposit insurance using the distribution over claims on the

bank, x*¥, rather than endowments:
A= [® =T +a) - Colx+a) - (1= Ou(ahlx)dx (21)

where h(-) is the pdf over bank claims.

If v"(-) < 0, then by differentiation, v(x — T + &) — (v(x + @) is strictly concave in y. Thus if we replace
H(-) with a mean-preserving spread, A will be lower. W

These propositions highlight the redistributive effects of deposit insurance. Proposition 6 provides suffi-
cient conditions for redistribution to be costly. Proposition 7 makes clear that these losses from redistribution
depend on the distribution of deposits.

Of course, deposit insurance also has an insurance gain, as captured by the second term of (16). These
gains can outweigh the redistribution costs and thus rationalize the provision of deposit insurance ex post.

To gauge the magnitude of this trade-off, we turn to an example.

4.4.1 Highlighting the Trade-off Between Insurance and Redistribution

This section further clarfies the trade-off between insurance gains and redistribution from the deposit insur-

ance. It does so first by working through an example and second by studying the allocation from a contract
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further restricted by information asymmetries. Here we retain the assumption of lump-sum taxation.

Example Here we consider a specific example to illustrate conditions for the provision of deposit insurance.
Assume there are two types of households, rich and poor. The rich households have an endowment in youth

of a® = a" and the poor have an endowment in youth of a® = a?. Let the fraction of rich households be
given by f. Assume u(c) = 511__;2 and that v(c) = 8 ‘:11__—;11 Thus there are two curvature parameters, v and

~1. Throughout this example, we set 79 = 2. The value of liquidation is assumed to be negligible.

To compute an equilibrium, we solve for the optimal contract offered by a bank to a type o household.
This involves finding interest rates for early and late consumers that satisfy (2) and (3). Further, bank
investment in each of the two technologies must be non-negative and interest rates must be non-negative as
well.

Given the contract, we can evaluate the social gains from deposit insurance by calculating A = WP —
WNT using some welfare weights. Taxes are type independent.

Figures 2 and 3 provide some results. For these figures, @ =1, 8 = 0.9, R = 1.10 and the fraction of rich
households was set at 50%. The utility difference from the provision of deposit insurance, A, is shown on
the vertical axis.

The effects of variation in risk version, 71, in v(-) are shown in Figure 2. Here the initial endowments
were fixed at a = 3 and a” = 5. The welfare weight for the poor is 0.80, larger than their population share.

For low values of risk aversion, the net gains to the provision of deposit insurance are negative. That
is, the costs of redistribution offset the insurance gains. The utility difference increases as 7y; increases
and eventually becomes positive. Interestingly, for high enough values of ~1, the utility gains from deposit
insurance again start to fall off as the costs of redistribution become stronger.

Figure 3 studies the effects of income distribution on the gains from deposit insurance. On the horizontal
axis is the welfare weight placed on poor households. One curve is the base case and the second, steeper,
curve comes from a mean-preserving spread of endowments such that a? = 2.8 and «" = 5.2. This is the
case labelled “MPS” in the figure. The curvature of v(-) was set at y; = 2.

As is clear from this figure, the MPS of endowments reduces the gains to DI for all levels of the welfare
weight for the poor below around 20%. The reason is that the spread of the endowments exacerbates the
redistribution costs of the provision of deposit insurance. Only when the poor have a low welfare weight,
does the redistribution in favor of the rich, combined with the provision of insurance, increase social welfare.
After the MPS in endowments, if the weight on the poor exceeds 0.7, then deposit insurance will not be

provided. This compares to a critical weight of about 0.8 in the baseline case.

Restricted Contract A second way of highlighting the trade-off between redistribution and insurance is
through the outcome of the model with a restricted contract. In particular, assume that the intermediary is
restricted to offer the same contract to all agents: type dependent returns are not feasible. Further, suppose

that a deposit contract is summarized by a single interest rate, denoted r, which is the annual gross return.
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Figure 2: Effects of Risk Aversion

So deposits for one period earn r and deposits for two periods earn r2.

With this simplified contract we continue to explore the trade-off between redistribution and insurance.
The analysis of the household and banking problems with this restricted contract are similar to the more
general case specified above.

With this simple contract, even if v"’(¢) = 0, the household will have well defined consumption levels in
both periods as long as u”(¢) < 0. Thus we can study the special case of risk neutrality in periods 1 and 2
in this model. In the previous specification where the returns could differ for early and late consumers, at
v"”’(-) = 0, there consumption for early households went to zero. The restricted contract has the benefit of
being better behaved when v(+) is linear.

A bank will choose a return r and a portfolio to maximize expected utility of the households subject
to zero profit and feasibility constraints. This is analogous to the problem specified above, though with a
much simpler contract.

Using this model, we return to our discussion of costly redistribution and the risk sharing benefits of
deposit insurance. For the restricted contract, if households are almost risk neutral with respect to variations

in early and late consumption, DI will not be provided ez post if redistribution is costly enough.

Proposition 8 If households are not too risk averse and w(a®) is strictly decreasing in o, then a govern-

ment will not have an incentive to provide deposit insurance.

Proof.
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Figure 3: MPS on Endowment Distribution

With the restricted contract, (16) becomes

A= /w(ao)[v(rao —T+4a)—v(Cra® + @) f(a%)d(a®) +
[ @) o(¢ra® + @) = Gotra® + @) - (1= ul@)s ()da’. (22)
Suppose v(-) is linear. Then there are no insurance gains and the second term in (22) is zero, and therefore
A= [w(@)((1 = Ora® - T)f(a)d(a®) (23)

Using ¢ = f(d)(ao)J}(rlc:j}((cio)));l]({(ao)dao, T =1-0r[a’f(a®)da’. Let d = [a’f(a®)da® be total

deposits, then (24) becomes

(1-0r [wl@)l@® - (")) =
(1= ¢)r x cov(w(a®),a’ — d) (24)

The provision of deposit insurance redistributes from low to high o households. This redistribution
reduces social welfare if w(a?) is strictly decreasing.

If v(-) is close enough to linearity, then the insurance gain from deposit insurance, the second term in
(22) can be made arbitrarily small. Thus the insurance gains are dominated by the costs of redistribution

when w(a?) is strictly decreasing. W
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This proposition highlights the redistributive aspect of DI. Since the total resources in the economy are
predetermined and agents are nearly risk neutral, the only role of DI is to redistribute consumption. The
nature of that redistribution depends on the endowments of each type, a® and the tax system. The social
value of the redistribution is determined by w(a®). When this is decreasing, so that the rich households have

a lower weight and households are not very risk averse, then DI will not be provided ez post.

4.5 Effects of Progressive Taxes

The discussion of ez ante taxation has thus far assumed type independent taxes. This allows us to highlight
the effects of the distribution of deposit claims across households which, given type independent taxes,
translates into the distribution of consumption across households.

However, when ex ante taxes are type dependent, then the tax system itself influences the distribution
of consumption. All else the same, a tax system that redistributes from the poor to the rich will reduce the

desirability of deposit insurance. For this discussion, we assume the welfare weights, w(a?), are constant to
highlight the effects of T'(a?).

Proposition 9 Compare two taz schedules, T(-) and T(-). If T(-) induces a MPS on disposable income
relative to T(-) then A falls when we replace T(-) with T(-).

Proof. Since social welfare is the integral of strictly concave functions, a mean-preserving spread on
disposal income, which is the same as consumption, will reduce social welfare. Wl
To further investigate this issue, following Benabou (2002), consider a tax scheme which maps from

income ¢ to consumption, ¢(p) according to

clp) =" TTT.10 (25)

Here 7 is a tax rate and 77 is a common tax to guarantee feasibility: [ c(¢)dF(¢) = [ @dF(p), where F(-)
is the cdf of gross income. The constant elasticity of after-tax income (equivalently consumption here) is
simply 1 — 7. The average tax rate, %}“") =1-T7p ", is increasing in ¢ if 7 > 0.

Applying this to our model, the consumption allocation of an agent claiming to be an early consumer is

c(a®) = (a + x*F(a®))=7)T7. Here T™ guarantees that the allocation is feasible.

Proposition 10 Assume consumption allocations are given by (25). Compare two tax rates, 7% and T

with ™ > 71 >0, then A is higher under the tax rate T compared to T*.

Proof.
From Atkinson (1970), social welfare, defined as the integral of an increasing strictly concave function
of individual consumption, is higher for a consumption distribution with a Lorenz curve that lies entirely

above the Lorenz curve for another distribution of consumption. The social welfare associated with the

10We are grateful to Roland Benabou for discussions on this application and outlining the proof.

21



Preliminary and Incomplete 5 DEPOSIT INSURANCE AND OPTIMAL LIQUIDATION

provision of deposit insurance, (9), satisfies these requirements. Hence a distribution of consumption which
Lorenz-dominates another generates higher social welfare.

Kakwani (1977) provides the link between income taxes and the ordering of Lorenz curves. Note that
the elasticity of consumption, c¢(a’) with respect to & + x*#(a®) is 1 — 7. Theorem 1 of Kakwani (1977)
is interpreted in terms of the elasticity of after-tax income with respect to pre-tax income, denoted g(x) in
that theorem. In our application that elasticity is 1 — 7. Hence the elasticity is lower for 77 compared to 7.
From Theorem 1 of Kakwani (1977), this implies that the distribution of consumption under the tax rate
7H Lorenz-dominates the distribution of consumption under the tax rate 77. Putting these results together,
social welfare is higher under the tax rate 77 than under the tax rate 7%. W

These results highlight the implications of the tax schedule for the costs of redistribution associated with
the provision of deposit insurance. Essentially, the more progressive is a tax system, the lower are these
redistribution costs and thus the higher is the welfare gain (the lower is the welfare cost) from the provision

of deposit insurance.

5 Deposit Insurance and Optimal Liquidation

Having understood the effects of optimal liquidation and the provision of deposit insurance, this section
studies them together. We supplement the analysis to allow both optimal liquidation and a Treasury that
can tax households to fund Di provided to to early consumers. The regulator and Treasury jointly choose the
liquidation policy as well as the taxation needed to finance DI. Using this framework, we study the optimal
liquidation policy and whether the resulting allocation prevents runs. Finally, we return to the question of
whether DI will be provided.

The optimization problem is to choose (¥*(a), Z(a®),Q(a), T(a)) to maximize:
W = maz(l — W)[/w(ao)[mj(& +x*F(a%) = T(a")) + (1 = mv(a + X" (a°) = T(a?))]dF ()]
+ W/w(ao)v(& +x*E (%) = T(a”)dF (a®). (26)
The optimization is constrained by two resource constraints, written in per capita terms:
(1= mmx**(a?) = eZ(a”) + Q(a”) (27)

and
(1-m)°%" (") = [(1 = ¢(a”))a’ — Z(a")|R (28)

for each a®. To guarantee incentive compatibility,
X (%) = x*F(a?) (29)

for each . Finally, liquidation must be non-negative
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Z(%) >0 (30)

for each .

The government budget constraint holds across the households, rather than for each o, and is:

/ Q(a®) f(a®)d(a?) = / T(a%)f(a%)d(a?). (31)

This conditions guarantee that the total amount of transfers to support the consumption of early households
is financed by taxes levied on all agents, including those already served. The tax can depend on endowment
type but not on the realized taste type, consistent with sequential service.

In (27), the payment to early households of x*#(a’) is financed either through liquidations, Z(a?), or
transfers, Q(a®). The cost of the liquidations is indicated in (28). The cost of the transfers is through the
collection of taxes on all households, as in (31).

We first study the optimal allocation with F'(-) degenerate in order to understand the trade-off between
liquidation and taxation without redistribution across income groups. Building on this, we then study the

problem with heterogenous households.

Proposition 11 If F(-) is degenerate, then there is exists a critical (£)° such that the solution to (26) sets

Z>0if & < (£)° and Z = 0 otherwise. Runs are prevented.

Proof. When F(-) is degenerate, the tax on each household is T' = x*¥(1 — 7)m — €Z from (27). Inserting
this into the consumption levels of early and late consumers there is a single first-order condition associated
with the choice of Z:

A* R

? = (1 - T)Qv/(CL)(G(l — 7'(')2

—1)— (2 =m0/ (c*F) (32)
where \* is the multiplier associated with (30), ¢*¥ = a+x*F(a®) — x*¥ (1 —7)7+¢Z and & = a+x"(a?) -
XF( -7+ eZ.
’U/(C*E) . ~ .
Define (£)° = (1-7)2+(2—7) Ty With Z = 0.1' Note that ¢*¥ and ¢& are independent of (R, )
when Z = 0.
If £ > (£)e \# > 0 for (32) to hold. In this case, ¢ > ¢* > ¢*¥. Hence, the allocation is both incentive

compatible and runs proof. If % < (g)c, A* = 0 for (32) to hold and there are liquidations. In this case,
(32) becomes

VENE - (1) = @ - mm () (33)

As 2 —m)m=1—(1—m)?, ¢ > ¢*F for (32) to hold. Thus the allocation is both incentive compatible and

there is no run. M

1Here we focus on (%)C instead of the critical a in Proposition 3.
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The degenerate case indicates that liquidation is sub-optimal when its cost, %, is too large. Instead,
redistribution arises through the tax system. However, if % is small enough, liquidation is used for redis-
tribution since it is a more direct way to transfer resources from the late households to the early ones not
served during the run.

As we shall see, this is not necessarily the case when there are heterogeneous households. The system of
lump-sum taxes is regressive, redistributing from poor to rich households. Consequently, liquidations may
coexist along with the use of the tax system to finance DI.

To see this interaction, assume that taxes are lump-sum and independent of the endowment type: T'(a®) =

T for all a°. The following proposition characterizes the optimal liquidation policy:

Proposition 12 If tazes are independent of a°, w(a®) is constant and € > 0, the solution to (26) entails
no liquidations for low values of a® and positive liquidation for sufficiently high values of o®. Runs are

prevented.

Proof. When F(-) is not degenerate, the lump sum tax on each household is

T / [(1 = m)mxP(a0) — eZ(a®)]dF(a?). (34)

Substituting this into the consumption levels of early and late consumers, the first-order condition associated
with the choice of Z(a?) is:

/ (2 )/ (e*P (@) + (1 — ! (- (@)]dF () — v/ ()~ + N(a?) +

=0  (35)

where A\*(a) is the multiplier associated with (30) and M ¢(aV) is the multiplier associated with (29) for
type a®, ¢*F(z) = a + x*F(z) — T and é&(z) = a + x¥(z) — T where = indicates an arbitrary level of
endowment. The first term is common to all of the first-order conditions with respect to Z(-). The other
terms are type o specific. The solution is continuous in o from the maximum theorem.

We initially study the solution when the incentive compatibility constraint is not binding. Later we
return to this initial stipulation.

If \?(@°) > 0, then for any o < &°, Z(a®) = 0 as well in order for (36) to hold. To see this, suppose
a® < &° but Z(a®) > 0. From (28), Z(a®) > 0 implies that ¥%(a®) < X*lL(iO) while Z(a®) = 0 implies

N *L (50
XL(QO) - Xl—(7r )

From Proposition 1, &@° > o implies x**(&°) > x**(a?). Using this, ¥ (&%) > ¥*(a®). For (36) to hold,
M (a°%) > 0 and M (a®) = 0 implies ¥*(a®) > x*(&°). This is a contradiction.

By this same argument, if Z(a°) > 0 and A\Z(a") = 0, then for any a® > a°, Z(a®) > 0 as well. Thus
there is a critical value of o such that there are liquidations only for endowment types above this level.

By continuity, there exists @ such that Z(a") = 0 and A\?(&°) = 0. Here there are no liquidations and

the constraint is not binding. The first-order condition with respect to liquidation for this type would be
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? (36)

/[(2 —m)mv' (¢*F(x))) + (1 — m)%0' (¢"(2))]dF (z) = v'(e"(a"))

From the arguments above, for a® < &°, Z(a®) = 0 and ¥*(a?) will be increasing in a’. From o > a°,
Z(a%) > 0. If the distribution of a? is sufficiently dispersed, & will be interior.

To see that the allocations are incentive compatible, for a® < & there are no liquidations and )~<L(a0) >
x*E(a®) > x*F(a) so late households have higher consumption than early ones. When there is liquidation,
(35) holds with A*(a”) = 0. If the incentive compatibility constraint is not binding, then ¥*(a®) will be
independent of a.

As noted above, we stipulated that the incentive compatibility condition was not binding. But it can
be that in the solution without this constraint, the consumption levels of late high o households will fall
below x*F(a®). In this event, the solution to (35) must be modified to allow ¥*(a®) > x*¥(a®) to bind for
sufficiently large a®.

In (35), this implies that A’%(a®) > 0. Consequently, the liquidations from the high a® will be modified
so that the outcome is incentive compatible. Note that there must still be liquidations for the high a°
households. Else, they will receive ¥*(a®) > x**(a®) > x*F(a®) and the incentive constraint will not be
binding.

In either case, the contract satisfies the incentive compatibility condition. Since all early consumers
obtain the same level of consumption whether they were served initially or not, the incentive compatibility
condition, ¥¥(a®) > x*F(a), implies the contract is runs proof. W

Figure 4 illustrates the solution. There are two critical levels of a®. For a® < &, there are no liquidations
and ¥ (a®) is larger than x**(a®) and hence larger than y**(a®). For a® > & there are optimal liquidations.
Over this region, ¥”(a) is independent of o as liquidations increase in a. For a® > o€, the incentive
constraint binds so that Y% (a®) = x*£(a?).

This results shows the power of an integrated regulator and Treasury. The liquidation policy is optimal:
relatively poor late households’ illiquid investment is left intact to fund their late consumption. For relatively
rich households, there is some liquidation of the illiquid investment. This liquidated investment along with
the revenues from the lump-sum tax are used to support the consumption of early households.

The proposition assumes a constant welfare weight. If w(a®) is not constant, then of course the relative
gains and costs of redistribution will enter in the analysis. These effects are apparent from earlier results,
such as Proposition 6.

The main finding is that even with a lump-sum tax, the joint intervention of providing deposit insurance
along with an optimal liquidation policy is sufficient to eliminate bank runs. And these policies are all
implemented without commitment.

With these results, we return to one of the central questions of the paper: will DI be provided? Compared
to the difference in social welfare with and without deposit insurance, recall (16), the gains to deposit

insurance must be larger since the liquidation policy is optimal. As indicated in Proposition 13, the optimal
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Figure 4: Optimal Liquidation with Deposit Insurance
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policy is to liquidate the investment of high a® types while the liquidation underlying (16) was total. Hence
the gains to deposit insurance must be larger when there is optimal liquidation compared to a setting with
total liquidation.

Still, this does not imply that deposit insurance will be provided. As before, the redistribution costs may
outweigh insurance gains.

These results assume that taxes are lump-sum. This was intended to highlight the resolution of the re-
sulting tension between redistribution and efficient liquidation. From Proposition 5, if taxes are set optimally
ex post and are dependent on o, then deposit insurance is provided and runs are prevented. That result
will clearly carry over to the case of optimal liquidation along with deposit insurance since the allocation
from Proposition 5 is nested in the version of (26) allowing type dependent taxes. This leads us to a final

result on the provision of DI along with optimal liquidation.
Proposition 13 The solution to (26) entails no runs and the intervention is welfare improving.

Proof. The fact that the intervention is welfare improving comes from the fact that in the solution to
(26) total liquidation is feasible. Thus the welfare from the solution to this problem cannot be less than

the outcome with total liquidation which, as shown in Proposition 5, dominates the bank runs outcome.
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Thus the provision of DI along with optimal liquidation is welfare improving. Since the solution to (26) is
incentive compatible, it must be runs proof.

|

Generally both liquidation and taxation are used to finance DI and redistribute across heterogeneous
agents. The tax system redistributes across households by their wealth types. The liquidation redistributes

across households by their tastes, early or late, within a wealth type.

6 Conclusion

This paper studies liquidation policy and the provision of deposit insurance in the absence of commitment.
The goal is to characterize these interventions and to see if they are sufficient to prevent bank runs.

Intervention through the control of liquidation policy is appropriate for considering the regulation of
financial intermediaries outside of the FDIC system. For these institutions, we see that if liquidation is
very costly, then the optimal amount of liquidation is limited. This protects illiquid assets and helps to
avoid runs. In other circumstances, the illiquid assets of wealthy investors will be partially liquidated to
transfer resources to households with liquidity needs. These transfers can be large enough ex post that this
intervention may not prevent a run.

We interpret deposit insurance broadly to encompass a variety of forms of ex post bailout of financial
intermediaries. While steps taken recently to support the financial system in a number of countries may have
been warranted, these ex post interventions have a consequence: agents will now realize that governments
will make ex post decisions on deposit insurance.

If so, it is natural to understand the conditions under which deposit insurance will be supplied ez post.
Initially we do so assuming full liquidation prior to the provision of DI. In our environment with, differences
in deposit levels, a trade-off emerges between risk sharing and the redistribution created by the funding of
the transfers inherent in a deposit insurance system. In some cases, these redistribution costs may be large
enough to offset insurance gains. These costs are reflected in the ongoing discussion of bailouts in the U.S.
and other countries insofar as those policies entail a regressive redistribution.

From our analysis, the tax system used to finance payments to depositors plays a crucial role in determin-
ing whether deposit insurance will be provided. If the tax system is set ex post along with deposit insurance,
then the government can optimally choose the net transfer and avoid the conflict between insurance and
redistribution. But if the deposit insurance must be financed by an er ante tax system that allows for
redistributions from the poor to the rich through the provision of deposit insurance, then the credibility of
deposit insurance is weakened. This was illustrated through our discussion of lump-sum taxes.

When optimal liquidation and the provision of deposit insurance are put together, the optimal arrange-
ment involves some liquidation of illiquid assets held by high wealth investors. The resulting allocation is
runs-proof. Still, as in the case of deposit insurance in isolation, there is no guarantee that deposit insurance

will be provided. In this case, runs are not prevented.
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Throughout the paper, we assumed a simple bank contract that ignored the prospect of runs. Further,
the contract did not link the return to an agent to its “place in line”. Nor did we allow the suspension
of convertibility unilaterally by a bank. Instead, suspension was handled through the regulator. These
restrictions on the optimal contract support the full information solution. As long as the combination of

optimal regulation and deposit insurance are provided ex post, this simple contract is runs proof as well.
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