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Abstract

Diamond and Rajan (2000, 2001) argue that banks create liquidity by issuing deposits
to fund difficult, illiquid firms that otherwise cannot obtain funding. Since deposits may
lead to bank runs, this resulting financial fragility is essential for liquidity creation. We
revisit the Diamond-Rajan model of financial intermediation and show that a bank with
an optimal financing structure is not subject to runs. Our contract rests on three simple
notions. First, each bank creditor has the right to demand repayment at every instant.
Second, the repayment is given by the value of a pre-specified fraction of the bank’s
assets. Third, some creditors are more senior than others: their repayment demands
are prioritized. In contrast to Diamond and Rajan, we find that financial fragility is
detrimental to liquidity creation.
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1 Introduction

Banks issue deposits, which allow their creditors to withdraw their funds when needed.
They also issue loans, which channel these funds to borrowers seeking to finance profitable
investments. Each of these activities is valuable on its own. However, when combined, banks
become fragile. Indeed, a loss on the asset side or even a rumor thereof can trigger a run,
leading to the bank’s failure. But what compels the same institution to issue both loans and
deposits?

One popular view is that this practice originated from historical precedent and was
subsequently solidified by government guarantees (Kareken, 1985; Pennacchi, 2012). In an
influential body of work, Diamond and Rajan (2000, 2001) put forward a different logic.
They argue that banks issue deposits precisely because it allows them to fund difficult,
illiquid borrowers who cannot obtain funding from equity-financed banks or from financial
markets directly. In doing so, banks create liquidity for such borrowers. Since issuing deposits
leads to bank runs, this resulting financial fragility is essential for liquidity creation.

In this paper, we revisit the Diamond and Rajan (2000, 2001) model of financial inter-
mediation. We study the bank’s contracting problem and show that banks with an optimal
financing structure are not subject to runs. Thus, and in contrast to Diamond and Rajan,
we find that financial fragility is not essential but detrimental to liquidity creation.

Central to the model is limited commitment. Entrepreneurs have access to a profitable
project but need funding. Asin Hart and Moore (1994), they can commit their human capital
to the project only on a spot basis. A lender who has issued a loan to the entrepreneur can
extract future repayment by threatening to liquidate the project. That is, she can take the
project’s physical assets from the entrepreneur and put them to alternative use. However,
since the entrepreneur is the first-best user of the project’s assets but cannot commit his
future human capital, the entrepreneur cannot commit to fully repaying the project’s cash
flows. Instead, the lender can extract only part of the project’s cash flows when collecting
the loan. Because of this limited commitment, the entrepreneurs’ projects cannot be sold or
borrowed against for the full cash flow they are expected to generate.

An early-stage lender (the banker henceforth) knows how the project is set up and learns
the best way of redeploying the project’s physical assets, thus increasing the project’s liqui-
dation value. This superior liquidation threat gives the banker specific loan collection skills,
as it allows her to extract a greater repayment from the entrepreneurs than any other cred-

itor. Nevertheless, illiquidity remains an issue: after making the loan, the banker may need



to sell it or borrow against it to finance consumption needs or undertake new investments.!
However, the banker cannot commit to using her specific loan collection skills on behalf of
her own creditors in the future. Instead, the banker seeks to renegotiate with her creditors
to extract more rents, asking to be compensated for using her specific skills. It follows that
the banker can borrow less against the loan than the repayment she can collect from the
entrepreneur. The loan is poor collateral.

Consequently, both the entrepreneurs’ projects and the loan to the entrepreneur cannot
be financed to the full extent of their expected cash flows: they are illiquid. This illiquidity
can be socially costs when it affects the initial terms of the loans to the entrepreneurs. If
the banker cannot borrow against the loan portfolio when she needs to, she may reduce her
activity and finance fewer socially desirable projects, thus impairing the flow of credit in the
economy.

Diamond and Rajan (2001) propose an elegant solution to the illiquidity problem: the
banker issues demand deposits. Deposits have three key design features. First, each depositor
can present his claim at any time and demand repayment. Second, this repayment is given
by the pre-specified (and thus fixed) face value of each claim. Third, depositors are serviced
sequentially. That is, they are repaid on a first-come, first-served basis. As a consequence,
each depositor is repaid in full whenever he demands it—unless too many other depositors
have done so beforehand and the bank has run out of funds.

Any attempt on the banker’s side to seek rents and repay less than originally promised
precipitates a run: depositors rush to the bank to fully recover their claims before others do
so. Such behavior is individually rational for each depositor, even if a bank run is costly to the
group of depositors. In other words, the deposit contract creates a collective action problem
that commits the depositors to not making any concessions. A run fully disintermediates the
banker and drives her rents to zero. Consequently, she prefers to avoid them by repaying what
was promised to the depositors in full. Thus, issuing demand deposits can be a commitment
device for the banker, tying her specific skills to the loan portfolio. The loan portfolio can
then be collateralized to the full extent of its expected cash flows: it becomes liquid.

However, demand deposits have two major drawbacks. First, the deposits’ first-come,

first-served rule leads to equilibrium multiplicity. Indeed, the bank may experience a panic

'Modeling such liquidity shocks, which force the banker to borrow after making the loan, is not the
only way to set up the problem (see Diamond and Rajan (2001)). Indeed, the results are the same if each
potential lender has insufficient funds to finance the entrepreneur on her own and, therefore, must raise
external funds. If educating the initial lender is costly, delegating this task to one lender (i.e., the banker)
is efficient. The banker then again lacks commitment to use her loan collection skills on behalf of her own
creditors.



run, as in Diamond and Dybvig (1983). Second, the bank experiences fundamental runs if
the outstanding deposits exceed the project’s cash flows even without opportunistic behavior
by the banker. The collective action problem among depositors stands in the way of any
useful renegotiations that adjust the terms of the deposit contract in response to real asset
losses.

Diamond and Rajan (2000) show that, for the reasons above, banks may wish to com-
plement deposits with a softer claim referred to as ‘capital.” One interpretation of capital
is bank equity, which grants its holders the right to replace the banker at any time.? Cap-
ital holders are junior to depositors. Furthermore, they are not serviced sequentially and,
therefore, do not suffer from the collective action problem that gives rise to runs. As a conse-
quence, capital can be renegotiated downwards and serve as a buffer against adverse shocks
to the value of the bank’s assets. The downside is that it allows rent-seeking in the absence of
adverse shocks—the illiquidity problem is back. Thus, greater bank capital reduces financial
fragility but also hampers liquidity creation.

We show that fragility can be eliminated without undermining liquidity creation. Specif-
ically, we design a contract that deters rent-seeking, facilitates useful renegotiations in re-
sponse to losses, and is not subject to coordination failures.

Our contract has three key design features. First, each bank creditor can present his
claim at any time and demand repayment. Second, each creditor’s repayment is given by
the value of a pre-specified share of the bank’s assets. Third, some creditors are designated
as senior: they are repaid in full when the bank cannot service all creditors that demand
repayment.

Our contract thus shares the first feature with the deposit contract, but it differs regarding
the other two. In particular, the deposit contract specifies a promised repayment of $D.
Our contract specifies a promised repayment of s% of bank assets. Furthermore, given
the contractually specified priority provisions, it induces ‘orderly’ withdrawal: the senior
creditors always withdraw first. On the other hand, sequential service under the deposit
contract induces ‘disorderly’ withdrawal: even though all depositors hold the same claim,
some are lucky and withdraw first, while others may be unlucky and cannot withdraw.

Under the optimal contract, the bank creditors demand immediate repayment whenever
the banker seeks rents by offering to repay less than the entire cash flow of the loan portfolio.

In this case, the banker is disintermediated and her rents are driven to zero. Importantly,

2 Another interpretation is long-term debt, which grants creditors this right only if the banker defaults.
An advantage of equity over long-term debt is that some events meriting replacing the banker will not trigger
default since they are not verifiable.



since investors withdraw shares of the banker’s assets, their option value of withdrawing
naturally fluctuates with the state of the economy and perfectly adjusts to the returns of
the loan portfolio. This allows our contract to accommodate real asset risk. At the same
time, all attempts to renegotiate the investors’ claims beyond adjustments to the state of the
economy are bound to fail. The optimal contract, therefore, preserves the desired property
of the deposit contract—the banker cannot seek rents—but is not subject to fundamental
runs.

Furthermore, the priority provisions among bank creditors prevent coordination fail-
ures that can lead to bank runs even without rent-seeking. The usual logic around runs—
everybody rushing to the bank to get their money out before others do so—does not apply.
Indeed, the junior creditor can never ‘outrun’ the senior creditor. If the junior creditors are
not incentivized to demand immediate repayment, there is no reason for the senior creditors
to do so. The run equilibrium unravels. It follows that the banker is only disintermediated
when she is rent-seeking—and not due to coordination failures and low asset returns. The
trade-off between liquidity creation and fragility disappears.

Importantly, the banker is free to issue claims other than deposits if her primary goal
is to enhance the collateral value of her assets. Nothing in the set-up of Diamond and
Rajan (2000, 2001) forces the banker to serve withdrawal requests sequentially rather than
according to some pre-specified rule. In other words, sequential service is a design choice
and not a constraint.® This is demonstrated by the banker’s ability to issue both demand
deposits and capital (which is not subject to sequential service) at the same time. Indeed, we
show that sequential service is not part of the optimal contract since it generates excessive
fragility. Moreover, our optimal contract highlights that there is no role for capital to act as
a buffer against adverse shocks to the value of bank assets.

Finally, we stress that our optimal contract is consistent with bank creditors’ role as
bank monitors. Calomiris and Kahn (1991) argue that banks issue demand deposits as their
first-come, first-served rule sets the correct incentives for depositors with high monitoring
capabilities. The idea is that the monitoring depositors can successfully withdraw from the
bank at the first sign of trouble. This, in turn, alerts the remaining uninformed creditors that
they should also withdraw, and the banker is deterred from misbehaving. The monitoring
incentives under the optimal contract outlined in our paper remain intact if those creditors

with high monitoring abilities are prioritized (i.e., they hold the senior claims). The optimal

3Diamond and Rajan (2005) explicitly write that "the sequential service constraint inherent in demand
deposits, which is the source of bank runs and systemic fragility, is not superimposed in our framework but
is necessary for the function the banks perform." (p. 618)
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contract further avoids the cost of coordination failures associated with demand deposits.

Contribution to the literature. Our paper is primarily related to two strands of liter-
ature: financial intermediation and creditor dispersion. We begin by discussing the former.

Previous work has studied how financial intermediaries can efficiently allocate liquidity
innate to certain assets among different economic agents. For example, intermediaries offer
diversification across depositors (Diamond and Dybvig, 1983), borrowers (Holmstrém and
Tirole, 1998), and even banks (Bhattacharya and Gale, 1987; Allen and Gale, 2000). In
contrast, Diamond and Rajan (2000, 2001) argue that banks can enhance the liquidity of
their assets by issuing first-come, first-served deposits. Choosing a fragile liability structure is
thus inevitable for liquidity creation. Our contribution is to show that first-come, first-served
demand deposits are not optimal in their framework. In contrast, the optimal contract is
not subject to runs. As a consequence, fragility is not inevitable but detrimental to liquidity
creation.

Our paper also relates to theories of why creditor dispersion may be beneficial (e.g.,
Berglof and Von Thadden (1994); Bolton and Scharfstein (1996)). If a single lender can
commit to liquidating if borrowers attempt renegotiation (as in Diamond (1984)), then bor-
rowers are indeed deterred from renegotiating. Multiple lenders will not be required to
discipline borrowers. But what if lenders cannot commit to liquidating? Borrowing from
multiple lenders makes individual lenders more eager to liquidate if it imposes a negative ex-
ternality on other lenders. At the same time, having multiple lenders may lead to collective
action problems (Diamond and Rajan, 2000, 2001).* Our contribution is to show that this
need not occur under the optimal contract.

Furthermore, Diamond and Rajan (2000, 2001) provide a theory of financial intermedi-
ation: demand deposits and the contract we derive in Section 3 disciplines banks but not
industrial firms. It should be noted that a fragile liability structure can be a commitment
device for firms (see, e.g., Von Thadden et al. (2010)). Specifically, if a firm’s asset can be
quickly and irreversibly liquidated in a run to repay debt holders, the threat of a run on
the firm’s assets commits the firm to repay more than the liquidation value of its assets. In
those cases, our contract is useful to all borrowers. However, liquidation is usually ineffi-
cient, implying that the parties would attempt to negotiate around it. When the decision to

liquidate, sell assets, or renegotiate with the borrower is made after the run, a demandable

4This logic goes back to the theory of the second best (Lipsey and Lancaster, 1956). Specifically, if re-
moving one distortion (e.g., limited commitment) is infeasible, then introducing another distortion (collective
action problem) may partially or fully offset the first distortion and lead to more efficient outcomes.



debt structure may fail to discipline firms.® We elaborate on why this is the case in Section
8.
In Calomiris and Kahn (1991), demand deposits subject to sequential service also commit

6 There are two important differences. First, in their model,

borrowers to repay more.
demandable debt holders force liquidation of the borrower’s project in some states of the
world. In doing so, they prevent a ‘crime in progress,’ e.g. a diversion of funds. This agency
friction differs from the one in our setup, where the banker cannot divert funds but instead
threatens not to use her skills on behalf of her creditors. Second, the setup in Calomiris
and Kahn (1991) implies that bank runs are part of the optimal contract between the bank
and its depositors. In other words, bank runs are necessary to prune the financial system
of bankers not acting in the depositors’ best interest and, thus, to achieve efficiency. In

contrast, bank runs do not have any useful function in the Diamond-Rajan framework.

Outline. The rest of the paper is organized as follows. Section 2 introduces a simple
framework we use to establish our main result. Section 3 proves our main result, while
Section 4 contains a simple illustration to provide the intuition. Section 5 revisits the demand
deposit contract (with some capital buffers) as in Diamond-Rajan and explains why it is not
optimal. We discuss our results and their implications in Section 6. Section 7 studies two
extensions of the baseline setup. The full model of financial intermediation is outlined in

Section 8. Finally, Section 9 concludes.

2 Model

2.1 Enwvironment

Our baseline model contains the core element of the models in Diamond and Rajan (2000,
2001; henceforth Diamond-Rajan). The model has three dates and includes a banker and

many investors. All agents have linear utility over consumption in all periods and do not

5Some authors interpret debt collection as taking the borrower to lengthy and inefficient court procedures
(e.g., Diamond (2004)). In that case, demandable debt disciplines all issuers. Dispersed creditors might
commit the borrower to repay for other reasons, e.g., by making renegotiation or default more costly for the
borrower (Ivashina et al., 2016). Alternatively, dispersed creditors might collect a lower overall repayment
but, due to free-riding, also engage in less socially wasteful rent-seeking (Bris and Welch, 2005).

6Calomiris, Kahn, and Krasa (1991) show how the model is easily extended to be a model of financial
intermediation.



discount future payoffs. The banker receives a unit endowment on date 0 and has the option
to invest this endowment in a loan portfolio consisting of a continuum of identical loans.”

The state of the economy 6 is realized on date 2. The CDF of the state is F(.) with
support [#,6]. The loan portfolio yields a state-dependent cash flow of z(#) € (0, 00) if the
banker deploys her loan collection skills. The loan portfolio’s expected cash flow is thus
E[z(0)] = ff x(0)dF(0). We assume that cash flows are observable and verifiable, and the
banker cannot divert them. At the same time, the state of the economy @ is observable but
not verifiable. The agents thus cannot write contracts directly contingent on the realized
state but can write contracts contingent on the realized cash flow of the loan portfolio. There
is also a storage opportunity with a gross return of one available to all agents.

The banker may experience a liquidity shock at date 1—and so after she has obtained
the loans—with probability ¢ € [0, 1]. As in Diamond and Rajan (2001), the liquidity shock
may arise due to a highly valued investment opportunity at date 1 or due to a shock to
the banker’s discount rate. In case of such a shock, the banker wants to borrow as much
as possible, using the loans as collateral. Each investor is deep-pocketed on dates 1 and
2. Thus, there is no aggregate shortage of liquidity. The banker signs a contract with one
investor or a group of investors that specifies some repayment B;(x) to each investor i as a
function of the loan portfolio’s cash flow x on date 2.

We define a default as the banker missing a contractually specified payment or withhold-
ing her loan collection skills. In case of default, the contract may grant the investors the
right to seize (a portion of) the banker’s assets, namely the loan portfolio.® We say that the
banker is disintermediated if the investors have seized all her assets. This implies that the
ownership over said loans is transferred from the banker to the investor, who now collects
the repayment of the loans. However, each investor lacks the banker’s specific skills and can
only collect a repayment of Sz() from the portfolio of loans in state 8, where 0 < § < 1.
This implies a market value of the loans of SE[z(0)] at date 1 and of Sz(f) at date 2.

The central friction in this setup is limited commitment: at any date ¢ the banker can
commit to using her specific skills only for that date. Thus, she cannot commit at date 1 to
using her specific skills when collecting the loans on behalf of investors at date 2. In other
words, the banker has intra-temporal but not intertemporal commitment. The justification

for this assumption is as in Hart and Moore (1994): the law prevents agents from irrevocably

"In the full model (Section 8), entrepreneurs can invest in a project but have no endowment. The banker
then issues loans to entrepreneurs.

8 Alternatively, the contract may grant non-contingent rights to seize assets, which is useful when not all
default events can be verified.



selling themselves into bondage. Thus, courts cannot compel the banker to deploy her human
capital even if they can enforce other aspects of contracts. Consequently, on date 2, the
banker may seek to renegotiate financial contracts signed on date 1, as explained shortly.

We assume the following. First, the loan portfolio has a positive net present value,
E[x(6)] > 1. Second, it has a negative net present value if it is collected by investors without
specific skills, SE[z(0)] < 1. Third, the loan portfolio is perfectly divisible: suppose the
banker retains ownership of a fraction of 1 — s of the loans, whereas an investor has seized
the remaining fraction of s. Then, if the state of the economy is #, the banker can collect a
cash flow of sz(f), whereas the investor can only collect (1 — s)Bz(0).

Figure 1 summarizes the sequence of events.

Banker invests in loans State 0 is realized
| | |
I ° ] ® ] ® =
Date 0 Date 1 / Date 2 /
Banker may experience liquidity shock Renegotiation game

and borrow from investors

Figure 1: Timeline of events.

Renegotiation. After the state 6 is realized, the banker and the investors play a non-
cooperative game, which we call the renegotiation game. The banker moves first by offering
each investor a new repayment. The investors move second, each simultaneously and inde-
pendently deciding whether to accept or reject the banker’s offer.

Suppose the cash flow if the banker deploys her loan collection skills is x. We follow
Diamond-Rajan in assuming that the banker makes perfectly observable take-it-or-leave-it
offers to each investor i of the following kind: "I will not deploy my loan collection skills
unless you agree to be paid B;(z) € [0,z]." Assuming that the banker has full bargaining
power entails no loss of generality. Key to our findings is that the banker has some bargaining
power and thus seeks rents at date 2.

If investor i accepts, he now holds a claim of Bz(a:) on the banker. If investor 7 rejects, he

seizes a portion of the banker’s assets. If multiple investors reject the banker’s offer and the



respective rights to seize assets become incompatible (the individual shares sum to more than
one), then the date-1 contract determines the allocation of assets among the investors. In
other words, the investors’ outside option when renegotiating with the banker is a function of
the other investors’ actions and the contractually specified rationing mechanism reconciling
incompatible claims on the banker’s assets.” We provide example contracts highlighting such
rationing rules in the following subsection.

The banker’s renegotiation offer and the rationing mechanism in the original contract
define a subgame. Our solution concept is subgame perfection. We interpret offering BZ(:(:) =
B;(x) as the banker not renegotiating with investor ¢ and insist on the feasibility of the
banker’s offers: > .., B;(z) < x. The banker can also impose an infinitesimal fee on investors
who reject her renggotiation offer. The fee is specified in the initial contract and collected
when an investor seizes assets. The purpose of the fee is to induce those indifferent between
accepting and rejecting the banker’s offer to accept.'®

Notice that an investor’s payoff depends not only on his action to accept or reject the
banker’s offer but also on the other investors’ actions. This strategic interaction between the
investors occupies a central place in the analysis. Also, while the banker is committed to
using her specific skills to repay B;(z) after investor i has accepted, the potential (partial)
seizure of the banker’s assets by other investors may stand in the way of the full repayment
of investor ¢’s claim.

Finally, the banker’s payoff may be zero because she got fully disintermediated or be-
cause she transferred all of the loan repayments to the investors. We assume the banker
strictly prefers the latter to the former. This assumption can be justified through a (small)
non-pecuniary benefit b > 0 of retaining ownership of the loan portfolio (e.g., reputational
concerns).

This concludes the description of the renegotiation game. Figure 2 summarizes the

sequence of events within the game.!!

9Von Thadden et al. (2010) distinguishes between individual and collective debt collection, with the
latter interpreted as bankruptcy. Legal scholars have long viewed bankruptcy as adjusting (i.e., pairing
down) individual claims when these claims are inconsistent (Jackson, 1986). As in Von Thadden et al.
(2010), we analyze a model where collective debt collection rules are a part of the original contract.

0Djamond-Rajan follows a similar approach by (implicitly) stipulating that investors indifferent between
accepting and rejecting the banker’s offer will accept. Also, instead of a contractually specified fee, we can
assume that the investors incur a small inconvenience cost for seizing assets.

1 Our renegotiation game is inspired by Diamond-Rajan (Diamond and Rajan (2001), p. 309). The key
difference is that we do not restrict the rationing mechanism to sequential service.



Banker offers repayment Banker and/or investors collect loans

N\ l

/

Investors simultaneously accept or reject and seize (a share of) the banker’s assets

Figure 2: Sequence of events within the renegotiation game.

Remarks. In the full framework (described in Section 8), the banker becomes a banker
by intermediating funds between many investors and an entrepreneur who has access to a
productive project but lacks the necessary funds to invest at date 0. The banker then seeks
to render the loan to the entrepreneur liquid by choosing an optimal financing structure,
which we describe in the next section. We focus on the simpler version since augmenting the

model with these extra components does not alter our results.

2.2 Erample contracts

In this subsection, we describe three example contracts.

The first contract is with a single investor, who is promised a repayment of B(z) if the
loan portfolio’s cash flows on date 2 are z, where B(z) € [0,z]. This investor also has the
right to seize assets should the banker default on the claim at date 2. The rationing rule
is immaterial in this case. A debt contract with a face value of D > 0 is a special case
corresponding to B(x) = min{x, D}.

The second contract is the deposit contract issued to n > 2 investors, as in Diamond-
Rajan. Each depositor is promised a repayment of D/n > 0 on date 2. Depositors can
demand repayment by seizing loans at every instant, even if the banker is not renegotiating
or defaulting on their claim. If a depositor chooses to withdraw, he receives units of the
underlying loans with a market value of D /n—unless too many depositors demand repayment
simultaneously so that the banker cannot repay all of them. If so, the rationing rule is
sequential service. Withdrawing depositors are serviced one by one in a randomly determined
order. The first depositors in that order are repaid in full until all of the banker’s assets have
been seized; the remaining depositors then seize no assets.

The third contract is a simplified version of the optimal contract described in the following

10



section. The banker borrows from two investors i € {1,2}. Each investor i is promised a
repayment of D; > 0 and receives the right to seize a portion s; € [0, 1] of the loan portfolio
should the banker default. For example, investor 1 can seize 60% of the assets while investor
2 can seize 50% of the assets. If so, it cannot be that both seize their respective portions.
The rationing rule is then as follows. Investor 1 is more senior than investor 2. Consequently;,
if both investors want to seize assets, then investor 1 seizes their promised share of 60% while
investor 2 can only seize the remaining assets. If only investor 2 seizes assets, then he seizes

his promised portion of 50%.

2.3  Source of illiquidity

The loans’ cash flows can only be fully collected using the banker’s specific skills. Since, as
we will see, these cannot be easily committed, the loan portfolio is #lliquid—only part of the
expected cash flows can be pledged to the investors.

We begin by illustrating a financing arrangement that fails to render the loan portfolio
liquid. Suppose the state of the economy is 6, implying that the loan portfolio yields a cash
flow of z(#) should the banker deploy her loan collection skills. Suppose further that the
banker has borrowed from one investor and promised to repay B(x(6)). If B(z(0)) > px(6),
the banker makes the following offer: "I will not deploy my loan collection skills unless you
agree to be paid px(6)."

If the investor accepts, the banker uses her loan collection skills. The banker’s payoff
is (1 — B)x(f), whereas the investor’s payoff is fz(). If the investor rejects, he seizes the
loan portfolio and collects Sx(6). Thus, the investor is indifferent between accepting and
rejecting the banker’s offer and accepts. The maximum expected payment the banker can
pledge to this single investor is thus SE[z(#)] even though the expected loan repayment is
E[z(0)]. In other words, the loans are illiquid.

Consequently, the banker may prefer not to obtain the loan portfolio in the first place.
To illustrate, suppose that the banker experiences the liquidity shock at the interim date
with probability one. Purchasing the loan portfolio at date 0 and using it as collateral to
borrow from one investor at date 1 using the financial arrangement above yields a return of
BE[z(#)] < 1. The banker then prefers to store her endowment as storage yields a return of

one.
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3 Main result

3.1  Optimal contract

We show how to design a contract that renders the loan portfolio fully liquid in every state
of the economy. The banker borrows from n > 2 investors on date 1 via the contract C*
specifying promised repayments, rights to seize assets, and a rationing mechanism in case the
investors want to seize more than the available assets. Specifying the promised repayments
is unnecessary: What matters is the investor’s right to seize the banker’s assets. Specifically,

irrespective of whether or not the banker has defaulted, investor 1 has the right to seize all

of the assets. Each of the other n — 1 investors has the right to seize a share ﬁ(ln__ﬂl) of the

assets. That is,

s1=1 and S; = fori=2,....n.

Suppose the state is such that the loan portfolio generates a cash flow of x should the banker

deploy her skills. By seizing their portion of the loans, investor 1 can thus generate a payoff
1-8
(n—1)
vanishing fee incurred by each investor when they seize assets.

.12 The contract includes a

of fx; any other investor can generate a payoff of at most

Notice also that not all investors can exercise their rights to seize assets simultaneously,
as their shares sum to more than one. The rationing mechanism in that case is simple:
investor 1 is senior to all other investors. If multiple investors, including investor 1, attempt
to seize assets, then investor 1 seizes all assets, and consequently, all other investors seize
zero assets. The seniority arrangement among the junior n — 1 investors is irrelevant. Hence,
we leave it unspecified.

We are now ready to state our main result.

Theorem. Suppose the banker issues contract C* on date 1. If n is sufficiently large, the
banker is not disintermediated and repays a total of () to the investors in every equilibrium
of the renegotiation game and in every state @ € [0,0]. The contract C* thus allows the banker
to borrow E[x(6)].

We prove the theorem in the following subsection. We explain the intuition using a

two-investor illustration in Section 4.

12Notice that investors have non-contingent rights to seize assets. This is not crucial. Section 6.1 provides
alternative specifications of the optimal contract.
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3.2 Proof

Suppose the state of the economy is such that the loan portfolio’s cash flows are given by x
should the banker deploy her skills. Let B;(z) denote the banker’s offer to investor 4. First,
note that each offer (Bz(x))jvzl
strategies; hence, a Nash equilibrium exists for each offer (see, e.g., Fudenberg and Tirole
(1991)).

We base the proof on three lemmas. The first lemma shows that no equilibrium exists

induces a subgame with finite players with a finite set of

in which some junior investor(s) reject and the senior investor accepts. The second lemma
highlights that the banker is disintermediated unless she offers Sz to the senior investor and
i;ffz to each junior investor. The final lemma shows that all investors accept if the banker
offers Sz to the senior investor and %x to each junior investor. The total payment to the
investors is x.

which holds for n sufficiently large.

For the remainder of the proof, we set § > B 0

1—
Bln—1)
Throughout the proof, we treat the fee for seizing assets x as strictly positive but arbitrarily

close to zero and omit it from the notation except in the proof of Lemma 2.

Lemma 1. There ezists no equilibrium in which k € {1,2,...;n — 1} junior investors reject,

and the senior investor, as well as the remaining (n — 1 — k) junior investors, accept.

Proof. Consider a candidate equilibrium in which k£ € {1,2,...,n— 1} junior investors reject,
and the remaining junior and senior investors accept. We now rule out this candidate
equilibrium by showing that at least one investor has a strictly profitable unilateral deviation
to reject. First, the banker has S(k) shares of the loan portfolio left after & junior investors

have seized assets, where
S(k) = max{l - kﬁ(ln;_ﬁl), O} :

We now argue that in this candidate equilibrium it must be that S(k) < —==2-. To

B(n—1)
this end, suppose otherwise: S(k) > Mln;—ﬁl) Hence, each of the n — 1 — k junior investors
who accept can instead seize their share of the assets in full and get a payoff of ~— .

(n—1)

Consequently, each junior investor who accepts must be paid at least (;i[f)x. Also, the

senior investor must be paid at least Sz since he can always seize all assets by rejecting and

thus getting Sx. Hence, the total payment to the n — k investors who accept must be no less

than
1-p
(n—1)

x.

pr+(n—1—k)

13



The total repayment to the accepting investors is bound from above by S(k)z. Hence,

for this candidate equilibrium to be indeed an equilibrium, we must have

1-p
(n—1)

X.

(1—]@’6(1”;_51))1: > fr+(n—1-—k)

1-8
Bn—1)’
which implies that the senior investor’s payoff from accepting is bound from above by ﬂ(ln;fl)x
Since 3 > ﬁ(ln;_ﬂl), the senior investor is strictly better off rejecting the banker’s offer. The

claim follows. ]

Simple algebraic manipulation reveals a contradiction if 8 € (0,1). Hence S(k) <

For the next lemmas, define Bi(z) = Sz and B} (x) = %x for all ¢ > 2. Thus, B} (x)
corresponds to the payoff investor ¢ can generate by rejecting the banker’s offer and seizing
loans if all other investors accept. Also, recall that the banker gets disintermediated if the
investors seize all assets. Next, recall that the banker’s payoff when she averts disinterme-
diation is at least equal to the non-pecuniary benefit of retaining ownership of the assets b,

where this benefit can be arbitrarily small.
Lemma 2. Suppose B;(z) < B*(x) for some i. Then, the banker is disintermediated.

The proof is in Appendix A, where we show that the banker is disintermediated with a
probability that goes to one as the fee for seizing assets vanishes. The intuition is straight-
forward: the senior investor never accepts an offer less than Bj(x) = Sz since he can always
seize all assets and get a payoff of Bf(x). To avoid disintermediation, the banker must offer
at least Bf(z) to the senior investor. If the senior investor accepts, then any junior investor
i will not accept an offer less than B} (x) = %x Finally, as a consequence of Lemma 1, the

senior investor will not accept the banker’s offer unless all junior investors accept it. Hence,

the banker can induce all investors to accept only by offering B} (x) to each investor.

Lemma 3. Suppose B;(z) = Bf(x) for alli. The subgame induced by this offer has a unique

equilibrium n which all investors accept.

Proof. Let By(x) = B;(x) for all i. Suppose all investors accept the banker’s offer. By
rejecting, investor i gets B*(z) whereas by accepting he gets B;(x). Each investor accepting
is thus an equilibrium of this subgame. Moreover, this is the only equilibrium. In particular,
recall that the contract C* imposes an infinitesimal rejection fee, making each investor accept
when indifferent between accepting and rejecting. By Lemma 1, the senior investor strictly

prefers to reject whenever at least one junior investor rejects. If the senior investor rejects,
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he seizes all assets, and all other investors get a payoff of zero regardless of whether they
accept or reject. Hence, they accept. But if all junior investors accept, the senior investor
will be indifferent between accepting and rejecting, as he achieves a payoff of Bf(z) either

way. Thus, he accepts. O

By combining the three lemmas, we conclude that the banker is disintermediated unless
she offers Sz to the senior investor and %x to each of the n — 1 junior investors for a total
repayment of z. As a consequence, the senior investor is willing to lend SE[z] to the banker
at date-1, and the junior investors are willing to lend a total of (1 — 8)E[z|. This completes

the proof.

4 An illustration with two investors

We now explain the intuition behind our result by illustrating the optimal contract with just
two investors. For this subsection only, set 8 € (%, 1).13

Suppose the banker has issued contract C* to two investors at date 1, with investor 1
being senior and investor 2 being junior. Suppose the realized state of the economy is such
that the loan portfolio generates a cash flow of « on date 2. The banker begins renegotiations
by offering a payment of By (x) to the senior investor and By (z) to the junior investor. Recall
that the senior investor has the right to seize all of the bank’s assets should he reject the
banker’s offer; the banker is then disintermediated. The junior investor can seize a share %
of the bank’s assets, but only if the senior investor accepts the banker’s offer. Table 1 shows

the payoffs of each investor for all four strategy combinations.

Junior investor accepts | Junior investor rejects
Senior investor accepts By (), By() (1— %)x, (1-p0)z
Senior investor rejects Bx, 0 Bx, 0

Table 1: Payoff matrix given the banker’s offer.

The senior investor can always guarantee a payoff of Sz by seizing all assets. Conse-
quently, this investor rejects any offer Bl(:v) < Bx. The banker is disintermediated, and her

payoff is zero. Consider therefore an offer B, (x) = Bz to the senior investor. Feasibility then

I3A larger number of investors is only needed if 8 < %



requires that By(z) < (1 — )z. We now argue that any offer By(z) < (1 — )z to the junior
investor is not accepted, and the banker is disintermediated as a consequence.

First, suppose By(x) < (1 — B)z. If the senior investor accepts the banker’s offer, the
junior investor strictly prefers rejecting the offer to seize assets worth (1 — )z. The senior
investor then finds it strictly profitable to also reject. Given his priority, he seizes all assets.
The banker is disintermediated.

Second, suppose By(x) = (1 — B)z. There is an equilibrium where both investors accept
the banker’s offer. As a consequence, the banker transfers the entire cash flow of the loan
portfolio. There is another equilibrium where both investors reject. However, the second
equilibrium is unstable: the junior investor is indifferent between accepting and rejecting
since he gets a zero payoff regardless of his action.

In the proof of the Theorem, we show how an infinitesimal rejection fee unravels the
rejection equilibrium.'* The intuition is that the small fee acts as a tie-breaker, inducing
the junior investor to accept. The senior investor then also accepts. It follows that an offer
to transfer the entire cash flow of the loan portfolio is always accepted in every state of the
economy. In other words, there are no runs following such an offer, neither due to bad bank
fundamentals nor due to investor panics.

Since the banker prefers not to be disintermediated, she transfers the loan portfolio’s
total cash flows z to the investors. Consequently, the banker can borrow E[z(#)] using the

loan portfolio as collateral. The loan portfolio is fully liquid.

Intuition. The intuition behind our result is the following. On the one hand, rent-seeking
is harmful as it reduces the collateral value of the bank’s assets and, thus, liquidity creation.
On the other hand, renegotiations are useful as they allow the adjustment of contractual
terms to the state of the economy ex-post. Our contract balances the two. It specifies
that the investors can seize portions of the bank’s assets whose market value fluctuates with
economic conditions. Hence, the value of the investors’ option to foreclose on the bank
naturally adjusts to the state of the economy. This feature facilitates useful renegotiations
in bad states of the world and allows our contract to accommodate real asset risk.

At the same time, the banker cannot extract rents: all attempts at renegotiations beyond

14Recall: the fee is specified in the initial contract and paid to the banker as the investors seize assets.
Alternatively, the fee may stem from some small inconvenience of seizing assets, e.g., filling out forms. We
should note that the most straightforward approach (with the same implications) is to impose a tie-breaking
restriction on investors’ strategies: each investor accepts when indifferent. Unfortunately, in that case,
equilibrium existence is not guaranteed for all possible renegotiation offers.
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adjustments to the state of the economy are bound to fail. Each investor rejects a repay-
ment offer that is less than the value of the banker’s asset, which he can seize. Whenever
all investors accept the banker’s repayment offer, the sum of the payoffs from unilaterally
rejecting and seizing assets is exactly given by the full cash flows of the loan portfolio. Then,
as a consequence, there is at least one investor who finds it profitable to reject and seize
assets if the banker seeks rents during renegotiations. This causes a ‘chain reaction’” among
investors, and the banker is disintermediated.

Further, the priority structure among investors prevents any coordination failures among
the investors that lead to the disintermediation of the banker. The usual logic around bank
runs—everybody rushing to the bank to get their money out before others do so—does not
apply. Indeed, the senior investor seizes assets with priority. The junior investor, therefore,
can never outrun the senior investor. The run equilibrium unravels.

Finally, the contract C* specifies a small fee paid by investors seizing assets. We stress
that equilibrium multiplicity arises if the banker cannot enforce such a fee. However, these

equilibria are unstable: even an infinitesimal fee would unravel them.

5 Demand deposits

Here, we revisit the contract in Diamond and Rajan (2000), a combination of demandable
debt issued to multiple depositors and capital issued to a single other investor. We show
that this contract fails to render the loan portfolio fully liquid—in contrast to contract C*
from the previous section.!®

Suppose the banker has issued D > 0 demand deposits on date 1 to a large number n of
depositors, each holding a claim with a fixed face value of %. Depositors can demand to be
repaid at every instant, withdrawing shares of the loan portfolio with a market value of %.
The rationing mechanism is sequential service: those requesting to withdraw are assigned
positions in the withdrawal order through a fair lottery. When a depositor gets a chance to
withdraw, he can seize assets with a market value equal to the face value of the depositor’s
claim—as long as any assets are left. The remaining depositors receive nothing once the
banker runs out of assets.

Diamond and Rajan (2001) show that deposits cannot be renegotiated down, as each

investor faces strict incentives to withdraw their claim at full face value when the banker

15The loan portfolio is not risky in Diamond and Rajan (2001), and hence there is no such role for capital.
However, as explained below, the bank may fail due to panic runs.
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offers anything less. This prevents renegotiations in good states at date 2, which the banker
finds desirable at date 1. However, it also prevents renegotiations in bad states at date 2,
leading to runs if the banker cannot repay all depositors. Diamond and Rajan (2000) argue
that capital should act as a buffer when the loan portfolio is sufficiently risky.

So, suppose the banker has issued non-demandable debt with an arbitrarily large face
value. As Diamond and Rajan (2000), we interpret this claim as capital. Demand deposits
are senior to capital. Only once depositors have been made whole can the banker repay
the capital investor. The capital investor has the non-contingent right to seize shares of the
assets but only up to an amount that ensures the full repayment of deposits.!®

The main results of this section are summarized in Proposition 1, which states the fol-
lowing. In bad states of the economy, depositors run on the bank, knowing that not all of
them can be repaid in full. In good states, there are no runs as the banker can always fully
repay all those that withdraw. In intermediate states, runs may but need not occur. The
loan portfolio is thus #lliquid for any level of D since the banker cannot pledge to always

repay what she collects.

Proposition 1. The demand deposit contract generates the following equilibrium outcomes

of the renegotiation game:

1. If x(0) < D, the equilibrium is unique and such that all depositors run on the bank,
leading to disintermediation. The depositors collect a total of Bxz(0) from the loan

portfolio.

2. If x(0) € [D, %), there exist two equilibria. In the first equilibrium, all depositors run
on the bank, leading to disintermediation, and collect a total of Bx(0) from the loan
portfolio. In the second equilibrium, there is no run. The banker collects x(0) from the
loan portfolio and repays a total of D to the depositors and B(x(0) — D) to the capital

westor.

3. Ifx(0) > %, the equilibrium is unique and such that no depositor runs on the bank. The
banker collects x(0) from the loan portfolio and repays a total of D to the depositors
and B(x(6) — D) to the capital investor.

The proof is in Appendix B. The intuition is as follows. First, suppose the loan portfolio’s

cash flows are so low that not all depositors can expect to be repaid in full. Each depositor

16Equivalently, we can interpret this claim as long-term debt: the long-term debt investor can seize shares
of the loan portfolio if the banker defaults and only up to the amount that ensures full repayment of deposits.
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then finds it optimal to run on the bank. If few other depositors withdraw, then a with-
drawing depositor is made whole. If many other depositors withdraw, then not withdrawing
yields a zero payoff. Withdrawing yields a strictly positive expected payoff, as this depositor
may be serviced ahead of other depositors. Hence, the deposit contract admits fundamental
runs in bad states.

Second, if the loan portfolio’s cash flows are high enough, then no run occurs. Even if all
other depositors withdraw, the banker still has enough shares of the loan portfolio remaining
to repay an individual depositor in full, thus convincing him not to withdraw. The run
equilibrium unravels. While the banker can prevent a run, she cannot renegotiate down any
depositor’s claim: each depositor withdraws at face value should the banker try to do so.
Issuing deposits thus allows the banker to commit her skills to collect the loans on behalf of
the investors in the absence of runs.

This is not true for the capital investor, who—should the banker threaten to withdraw
her human capital—can seize assets as long as the depositors are repaid in full. The capital
investor can thus generate 3(x(0) — D) by seizing assets and optimally accepting any weakly
larger offer. The banker, therefore, offers to collect the loans also on behalf of the capital
investor but to retain (1 — 3)(z(0) — D) for herself, which the investor accepts. In sum, the
banker prevents runs and collects the loans in full; the depositors are repaid in full, whereas
the capital investor’s claim is renegotiated down.

Third, if the loan portfolio’s cash flows are in an intermediate region, depositors can
coordinate on running on the bank. We refer to such a scenario as panic runs. The logic is
similar to that in Diamond and Dybvig (1983) and rests on the idea that the banker has more
demandable claims outstanding than the market value of its loans. If all other depositors do
not withdraw, the banker can generate sufficient resources to convince an individual depositor
not to withdraw. As in the previous case, the banker collects the loans in full and repays
all depositors but renegotiates with the capital investor. However, if all other depositors
withdraw, the banker can generate too few resources to convince an individual depositor not
to withdraw. The individual depositor then prefers withdrawing, as the nature of sequential
service gives him a chance of being serviced ahead of other depositors and getting repaid in
full.

What if the banker tries to eliminate panic runs by replacing old with new depositors?
Recall that there is no shortage of liquidity in the market. The banker must refinance
from multiple new depositors for this scheme to work. If the banker replaces withdrawing

depositors with only one investor, this investor will suffer from the banker’s rent-seeking
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as outlined in subsection 2.3. With multiple investors needed, panic-based runs do not
disappear. Indeed, if all present depositors run on the bank—and potential new depositors
coordinate on not replacing old depositors—the bank fails.

Furthermore, the banker cannot improve outcomes by including a withdrawal fee in the
demand deposit contract. If the fee is infinitesimal, it does not prevent runs, as depositors
strictly (rather than weakly) prefer running. A substantial withdrawal fee may prevent runs
but allows the banker to seek rent ex-post.

Finally, note that panic runs continue to plague deposits even if agents could contract on
the state 6. The first-come, first-served nature of deposits still leaves the bank vulnerable to
runs even if the face value could be adjusted to the state of the economy. State-contingency

does not rule out coordination failures.

Contrast to optimal contract. It is useful to contrast the demand deposit contract with
the optimal contract C*. First, depositors withdraw a variable portion of the banker’s assets
with a fixed value given by the face value of deposits. Under contract C*, investors withdraw
a fixed portion of the assets with a variable value.

Second, both contracts feature liquidity creation: the market value of the bank’s assets
is less than what bank creditors can demand to be repaid. Under the deposit contract, with-
drawing depositors are serviced sequentially in a randomly determined order. Consequently,
they are treated heterogeneously during a run despite being ex-ante and ex-post identical in
all other dimensions. This is also true for contract C*, which prioritizes the senior investor’s
claim, who is serviced first when multiple investors request to withdraw. The key difference
is that contract C* treats investors according to pre-specified rules. Therefore, investors
withdraw in an ‘orderly fashion.” On the other hand, runs allocate assets to depositors
who manage to withdraw faster than other depositors, i.e., due to luck. Thus, depositors
withdraw in a ‘disorderly fashion.’

The equilibrium outcomes for the two contracts differ widely. Under contract C*, the
banker collects the loans on behalf of the investors in full and repays a total of z(f) in
every state #. The demand deposit contract can achieve this outcome only if the face
value of deposits is given by the highest possible realization of cash flows. However, issuing
this maximal level of deposits necessarily leads to fundamental runs in all other states of
the economy. It further leaves the bank susceptible to panic runs in the best state. This
highlights a trade-off between deposits and equity: the banker can reduce the run risk by

issuing fewer deposits and more capital, yet more capital inevitably leads to more ex-post
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rent-seeking in the absence of runs. This trade-off is not present under the optimal contract.

6  Discussion

6.1 Alternative optimal contracts

The optimal contract C*, which did not specify promised repayments and allowed investors to
seize assets even without default, is by no means unique.'” Consider the following alternative
contract C’. The banker borrows from n > 2 investors. Let x,,,, denote the highest level

of cash flows that the loan portfolio could generate. Investor 1 is promised a repayment

. . . .. . 1—
Dy = BT 4. Each junior investor ¢ is promised a repayment D; = (n_ﬁ;) Tmaz- 1NIVEStOrs can

seize assets in the same proportions specified by contract C* but only if the banker defaults.

Investor 1 is again senior. Seizing assets incurs a vanishing rejection fee. The results for
contract C’ are the same as for contract C*.

Furthermore, the small rejection fee was paid by any investor seizing assets regardless of
the banker’s offer, but this is not critical either. Consider contract C” as contract C’ above
but with a modified rejection fee. The fee is common across all investors and is strictly
positive but arbitrarily small if B;(x)/D; = Bj(z)/D; for all investors i # j. Otherwise,
the fee is zero. Investors only incur the rejection fee if the banker defaults by attempting
to renegotiate a larger haircut for some investors relative to others. As for contract C*, any
attempt at rent-seeking induces disintermediation. Panic runs without rent-seeking cannot
occur, as junior investors have no hope of ‘outrunning’ the senior investor and prefer not to

pay the rejection fee.

6.2 Sequential service is detrimental to liquidity creation

Our analysis highlights that rationing through sequential service is detrimental to liquidity
creation. First, if banks are structured to prevent rent-seeking (and hence enhance liquidity
creation), Section 5 demonstrates that the deposit contract is dominated by contract C*,
which does not feature sequential service. Second, the investors in this framework are not
seeking liquidity insurance since they do not have an ‘urgent need to consume’ as in Diamond

and Dybvig (1983). Consequently, sequential service is not essential: the bank can collect

17An advantage of this arrangement is that default can be broadly defined to include any attempts at
rent extraction, including those that cannot be described ex-ante and are thus not verifiable ex-post.
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all withdrawal requests and then service withdrawing investors in some contractually pre-
specified order. Even if some investors urgently need to consume, there is no aggregate
liquidity shortage.'® Given the strength of the investors’ claims under contract C*, financial
markets (i.e., storing investors) should be willing to purchase claims on the bank if other
investors seek to sell them.

An important reason for sequential service is that it incentivizes investors to monitor the
bank (Calomiris and Kahn, 1991). Specifically, monitoring is privately costly, and not all
investors are equally good at it. Sequential service incentivizes those good at monitoring to
withdraw at the first sign of trouble and be repaid in full (their reward for being vigilant),
which would then alert the non-monitoring investors that they should also withdraw. The
banker is deterred from acting against the investors’ preferences. In contrast, suppose instead
of sequentially, all bank creditors are repaid pro-rata in states when the bank fails. This
arrangement leads to a free rider problem since monitoring gains are equally shared among
monitors and non-monitors.

However, first-come, first-serve may also trigger a preemptive run by uninformed investors
in the spirit of Chen (1999). Specifically, the monitoring investors would withdraw earlier
than the rest in bad states when the bank cannot repay in full. To address this informational
disadvantage, the non-monitoring investors may respond to other sources of information—
such as a failure of another bank perceived to be similar—before the value of their bank’s
assets is revealed. The monitoring investors recognize that and also run on the bank, even
if their signal is good. This situation can lead to the failure of healthy banks.

Notice that the monitoring incentives remain intact under our contract C*, which does not
rely on sequential service but would rather designate those investors who monitor as senior
(see Section 7.2). The key observation is that overcoming the free-rider problem associated
with monitoring the bank requires prioritizing some investors’ claims over others, which
naturally emerges under our contract. Specifically, the senior investors will be rewarded for
their due diligence without the risk of preemptive runs. The reason is that monitors will run
on the bank after having a good signal only when they expect the non-monitors to run—as
with sequential service. However, the non-monitors can never outrun the monitors since the
latter holds the senior claims. The preemptive run equilibrium in the spirit of Chen (1999)

unravels.

18 As Diamond and Rajan (2000) put it, "the bank is a source of liquidity both for the depositor and the
entrepreneur. When some (or even all) initial depositors want their money back in the ordinary course of
business (in contrast to a run), the bank does not need to liquidate the entrepreneur. It simply borrows
from new depositors who, given the prospective strength of their claim, will willingly refinance." (p. 2432)
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6.3 Safe claims and payment services

The optimal contract C* in Section 3 implies that the investors hold risky claims on the bank.
What if (some) investors want (at least partially) safe claims, e.g., for payment services in
the spirit of Gorton and Pennacchi (1990) and Dang et al. (2017)?

First, while the losses imposed by C* may disrupt payments, it is certainly true that the
bank runs induced by the deposit contract bring about a much greater disruption. Second,
the banker can engineer a safe claim by tranching the loan portfolio. The senior tranch
generates a cash flow of x,,;, in every state, where x,,;, > 0 is the lowest possible payoff of
the loan portfolio. The junior tranch generates a cash flow of x(0) — z,,;, in state #. One
can think of the banker as creating two subsidiaries: one fully safe (the senior tranch) and
one bearing all risks (the junior tranch). Each of these subsidiaries (or tranches) is financed
with contract C*. Consequently, all claims on the senior tranch have a fixed value since the
banker cannot seek rents, and the senior tranch is constructed to feature no real asset risk.
Investors seeking a safe claim invest in the senior tranch, while others invest in the junior
tranch.

What if investors want claims that are fully safe and obey sequential service, e.g. for
reasons as in Wallace (1988)7 Contract C* then cannot be used to finance the senior tranch.
In that case, the banker can issue first-come, first-served deposits with a total face value of
BZmin and finance the remainder with contract C* (adjusted to ensure that depositors take
priority). Applying our Theorem and Proposition 1, runs then do not occur in any state
and any equilibrium. The deposits are fully safe and can serve as payment vehicles, and the
banker cannot seek rents from any investor. This observation further serves to highlight that
contract C* not only improves upon the deposits but also upon capital (or long-term debt)

as a safety buffer.

6.4 Implementation and government distortions

Our contract C* is a mild modification of the existing deposit contract along two dimen-
sions. First, investors withdraw a fixed portion of shares rather than a variable portion of
shares with a fixed value. Second, investors are not serviced sequentially. Instead, the bank
collects all withdrawal requests and services some claims with priority. The contract should,
therefore, be readily implementable in practice.

Further, Flannery (1994) finds that agency costs are particularly important for banks.
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Correia et al. (2024) show that conflicts of interest and fraud were prominent in bank fail-
ures. Even if banks’ primary goal is issuing safe assets (e.g., for payments as in Gorton
and Pennacchi (1990)) or providing liquidity insurance as in Diamond and Dybvig (1983),
Subsection 6.3 argued that banks should combine deposits with the contract C* as long as
agency costs are a concern. Hence, the contract C* should be desirable under very general
circumstances.!?

So why is the contract C* not being widely used? One reason is government guarantees.
Specifically, while fragility is detrimental to liquidity creation, government guarantees could
make it optimal for banks to finance with a fragile liability structure. Specifically, it is well-
known that deposit insurance and government bailouts distort banks’ incentives (see, e.g.,
Farhi and Tirole (2012); Keister (2016); Davila and Walther (2020); Philippon and Wang
(2023)). This remains true in our case as well. Indeed, one of the main properties of C* is
that bank creditors take losses in bad states of the economy. This is reminiscent of a bail-in.
However, banks may choose a non-bail-inable liability structure or may be deterred from
bailing in their creditors if they anticipate being eventually bailed out (see, e.g., Keister and
Mitkov (2023)). Similarly, deposit insurance may make it privately optimal for banks to
issue rigid claims such as demand deposits in excessive amounts (see, e.g., Kareken (1985);
Georgiadis-Harris and Guennewig (2024)). In both cases, banks maximize the expected
government subsidy. In our context, this implies that they could use C* but choose not to.
Fragility may, therefore, be an undesirable side effect of government interventions and not

an undesired but necessary disadvantage of liquidity creation.

7 Extensions

7.1 State-contingent loan collection skills

We assumed in the baseline model that the bank’s superior loan collection skills captured by
[ were fixed. At the same time, the optimal contract in Section 3 depends on 3 through the
portion of the banker’s assets each junior investor can seize. Here, we show that our results

apply even if § varies with the state of the economy. So, assume 3 is a random variable

19 Another piece of evidence favoring the agency cost view is that, historically, suspensions have not been
an option for individual banks. Instead, they have been a regulatory response to system-wide panics. This
is consistent with our setup, where bankers would misuse an option to suspend payments, and inconsistent
with Diamond and Dybvig (1983), where an option to suspend should be available to banks (Wallace, 1988;
Andolfatto et al., 2017).
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governed by the CDF G(.) with support in (0,1) where G is common knowledge.?

First, assume the realized value of 3 is observable and verifiable. Hence, the portion of
assets each junior investor can seize can be contingent on the realization. Recall that [ is also
the market value of a loan unit at date 1. Therefore, it is not unreasonable to believe that
the realization of 3 is verifiable. In this case, our results from Section 3 apply verbatim.?!

The more interesting case is when [ is observable but not verifiable, implying that the
initial contract cannot be contingent on the realized value of 3. To simplify, we restrict the
domain of 3 to the interval (3, 1) and focus on two investors: senior and junior. At the end
of this section, we explain how to extend the logic to the full interval, which requires a larger
number of junior investors.

As before, the senior investor can seize a portion of s; = 1 of the banker’s assets. What is
different is that the portion that the junior investor can seize sy is now left unspecified—the
contract only provides rules for how this value will be determined later. Specifically, before
the renegotiation game begins on date 2, the junior investor observes the realized value of g
and must unilaterally select a value of 3 from the interval (3, 1). His choice is revealed to
all parties. The portion of assets the junior investor can seize is then s, = (1 — ﬁN) / 3 and the
renegotiation game begins.

The junior investor recognizes that the selected value of 3 affects the behavior of the
senior investor and the banker in the resulting renegotiation game. Suppose the junior
investor selects the correct value B = . We know from Section 3 that the junior investor’s
payoff in the corresponding renegotiation game is unique and given by (1 — §)z. We will
show that any other choice of 3 leads to a strictly lower payoff for the junior investor.

Specifically, recall that the junior investor gets a payoff of zero whenever the senior
investor rejects. Moreover, the senior investor will not accept unless the junior investor
accepts (see Lemma 1). Suppose the junior investor selects B < . The senior investor will
not accept unless offered at least Sx since he can always reject, seize all assets, and get Sx.
Hence, the junior investor can be offered at most (1 — 5)z when the senior investor accepts.

But then the junior investor’s rejection payoff is (1 — 8)z, which is greater than (1 — §)z.

20 Assuming that investors can collect a (random) proportion 3 € (0,1) of what the banker can collect
is without loss of generality. Indeed, suppose that investors can collect some y(0) < x(6). Defining 5(0) =
y(0)/x(0) then recovers the proportionality. Note that our result holds for any realization of 5.

21 At the same time, contracting on market signals is challenging (see Section 5 in Mitkov (2024)). Market-
based contracts can be open to manipulation (Diamond, 1993), lead to equilibrium multiplicity (Sundaresan
and Wang, 2015; Pennacchi and Tchistyi, 2019), or incentivize the parties to act in ways that diminish their
informativeness (Bond et al., 2010). Perhaps for those reasons, Chava and Roberts (2008) finds that debt
covenants are seldom based on market signals.

25



Therefore, the banker cannot get both investors to accept, implying that the junior investor
achieves a zero payoff. Second, suppose the junior investor selects 3 > 3. Then, the junior
investor’s payoff is less than (1 — )z in the corresponding renegotiation game. Indeed, by
rejecting the junior investor, it achieves payoff bound from above by (1 — )z < (1 — )z
Hence, the banker offers Sz to the senior investor less than (1 — 8)z to the junior investor,
which both accept.

Thus, if 3 < (3, the junior investor is penalized by the senior investor; if 3 > 3, he
is penalized by the banker. Hence, the junior investor sets 3 to the realized value of 3.
A natural interpretation is that the junior investor voluntarily bails in. Also, the junior
investor must select S—not the banker or senior investor. The banker will select 5 > 3 since
this allows her to repay less than (1 — §)z to the junior investor and thus earn rents ex-
post. Similarly, the senior investor has no incentive to select the correct value of 3 since his
equilibrium payoff is always at least Sz, regardless of what he selects. He may, therefore, be
tempted to seek rents by threatening to set the junior investor’s share to something strictly
less than (1 — ).

Finally, suppose there are multiple junior investors. This is necessary if the lower bound
of the support for 3 is less than % For example, suppose 3 € (1, 52) where 0 < 1 < 5 < 1.
Denote by n the smallest integer such that 5; > % The optimal contract then requires at
least n — 1 junior investors. The optimal contract has one of those junior investors choose
f for all junior investors and is otherwise given by C*. The reasoning is perfectly analogous
to the reasoning in the case of one junior investor. Selecting a level of 3, which is too high,
allows the banker to seek rents; selecting a level that is too low induces the senior investor

to seize all assets. Setting 3 to the realization 8 prevents both.

7.2 Monitoring

We mentioned in Section 6.2 that one desirable property of demand deposits subject to first-
come, first-served is that it incentivizes the depositors to monitor the bank. Investors do not
need to monitor the banker in our baseline model since the state 6 is perfectly observable.
We now introduce a role for monitoring and show that the contract C* preserves investors’
monitoring incentives. To illustrate, we revisit the two-investor example from Section 4 but
assume the state 6 is unobservable to the investors unless they monitor the bank. Monitoring
reveals the state perfectly but is privately costly. For simplicity, we assume that monitoring

is contractible. Below, we show that the contract C* remains optimal with one modification:
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the senior investor is designated as the monitor.

As before, the banker cannot extract rents. Indeed, if the state is #, the senior investor
(who monitors and thus knows the state) must be offered a payment of at least fx(6). After
observing the offer to the senior investor, the junior infers the state is # and would not accept
unless offered a payment of at least (1 — 8)x(6). In other words, the offer to the informed
senior investor conveys information to the uninformed junior investor. Insisting on the
feasibility of the offered repayments, the only way for the banker not to get disintermediated
is to offer Sz(f) to the senior investor and (1 — B)x(f) to the junior investor for a total
repayment of x(f). The banker can thus raise E[z(f)] — p by using the loan portfolio as
collateral, where p is the senior investor’s monitoring cost.

Finally, recall that liquidation is an off-equilibrium threat in the optimal contract. One
can modify the model to generate liquidation as part of the optimal contract and show that
C* remains optimal. Assume, for simplicity, that there are only two states: good and bad. In
the bad state, the investors can collect more by liquidating the bank rather than continuing.
For example, this situation arises in Calomiris and Kahn (1991) because the banker absconds
with a portion of the revenues when left in charge when the state is bad. As before, we use
the contract C* with the senior investor appointed as the monitor. The bank will then be

liquidated by the senior investor in the bad state.

& Full framework

This section outlines the full framework of financial intermediation, which captures the es-
sential ingredients of Diamond and Rajan (2000, 2001). The full framework incorporates an
entrepreneur to whom the banker issues a loan to finance productive investment. Looking
ahead, it is an outcome of the model that the investors collect the loan directly from the
entrepreneur should the banker be disintermediated. It, therefore, remains optimal for the
banker to select contract C*, as this allows her to avoid disintermediation and pledge the

full loan cash flow in every equilibrium and every state to the investors.

Intuition. We start with high-level intuition. Renegotiation comprises two stages. The
first determines who owns the project’s assets—possibly through a run by depositors as in
Diamond and Rajan (2000, 2001), or the investors’ decisions to seize assets under contract
C*. The second determines who gets to operate these assets. The entrepreneur remains

the first-best user of the project’s assets. This is in contrast to the banker, who is only the
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second-best user and, therefore, does not create value. Instead, she only facilitates transfers
from one agent to another. Optimally, the entrepreneur cuts out the banker by offering to
repay to the owners of the asset whatever the banker would offer if she were rehired to deal
with the entrepreneur. The banker thus prefers to avoid disintermediation in the first place.
This is in contrast to the entrepreneur, who, as the first-best user of the assets, always ends
up operating them. Consequently, the threat of disintermediation disciplines the banker but
not the entrepreneur.

The remainder of this section fills in the details.

Framework. An entrepreneur has access to a project that requires a unit investment but
lacks the necessary funds. Investment is contractible. If the entrepreneur works on the
project on date 2, it generates some cash flows ¢(f) > 0 in state 6; if the entrepreneur
does not work, it generates zero cash flows. A relationship lender (the banker) finances the
entrepreneur and, in the process, develops specific skills in redeploying the projects’ assets to
their second-best use. This second-best use generates returns x(0) < c¢(6) at date 2. Finally,
there are many other investors, each of whom can liquidate the project’s assets to generate
returns Sz (f), with 5 € (0,1). Neither entrepreneur nor banker can commit their future
human capital (but both can commit it in a given period). The state 6 is observable but not
verifiable. Cash flows are both observable and verifiable. The project’s assets and, thus, the
loan to the entrepreneur are perfectly divisible.

The banker may again experience a liquidity shock on date 1. If so, she wants to borrow
as much as possible from the (deep-pocketed) investors using the loan as collateral. Alter-
natively, the banker borrows from the investors on date 0 since she lacks sufficient funds to
finance the entrepreneur. The banker’s precise motivation to borrow is unimportant, and
the model’s insights are unchanged. The state € is realized at the beginning of date 2, at
which point the renegotiation game begins. Figure 3 summarizes the timeline of events in
the full framework.

Note that illiquidity is socially costly. The investment is socially desirable if E[c(6)] > 1.
However, if the loan to the entrepreneur is illiquid and the banker experiences the liquidity
shock with a sufficiently high probability, then the entrepreneur cannot obtain financing if

BE[z(0)] < 1.

Renegotiation. After the state 0 is realized, the banker, the investors, and the entrepreneur

play the enhanced renegotiation game. As before, the banker moves first by offering a repay-
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Banker issues loan to the entrepreneur State 0 is realized

\ |

I ° ° } ° } ® =
Date 0 / Date 1 / Date 2 /
Entrepreneur invests Banker may suffer liquidity shock Renegotiation game

and borrow from investors

Figure 3: Timeline of events in the full framework.

ment to the investors. If the investors accept this offer, the banker renegotiates the loan terms
with the entrepreneur, collects the loan, and repays the investors. The game ends. Investors
can also reject the offer and seize assets, i.e. (parts of) the loan to the entrepreneur. They
then negotiate the terms of the loan directly with the entrepreneur. Should they come to
an agreement, the investors directly collect the loan, and the game ends. Should they fail to
reach an agreement, the investors can rehire the banker to negotiate with the entrepreneur
and collect the loan on their behalf. Should they decide not to do so, they liquidate the
project’s assets. Throughout the game, the banker and entrepreneur make take-it-or-leave-it
offers to the investors, and the entrepreneur makes take-it-or-leave-it offers to the banker.
(Again, this is without loss of generality.) Figure 4 illustrates the enhanced renegotiation

game.??

Mapping to our simpler framework. Once investors have seized assets, the outcome
of the renegotiation game is the following. Since the investors can only generate Sz (f) when
liquidating a unit of the project’s assets, the banker offers Sx(6) to collect the loan at the final
node. Investors cannot do better and accept. Anticipating that investors accept an offer of
px(0), the entrepreneur offers to repay Sx (). The investors cannot do better by rejecting this
offer and accept. From here, it follows that—as in our main analysis—investors only collect a
share (3 of the potential cash flows after the banker has been disintermediated. Furthermore,
the banker is not rehired after disintermediation, implying a zero payoff. Finally, when the

banker collects the loan, the entrepreneur offers z(6). Since the banker cannot do better by

22We have adopted a specific sequence of events in Figure 4, but this is not crucial. What drives the
results is that the entrepreneur generates value ex-post, whereas the banker only facilitates the transfer of
resources from one agent to another.
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Banker (B) offers repayment to investors (Is)

Is accep/ \regect and seize assets

B collects loan from entrepreneur ( F offes repayment to Is

and repays Is
Is ac(/ \[SI'GJeCt

Is collect loan from E B offers repayment to Is

. (/ \IsreJ ect

B is rehired, collects loan from £ ..
Is liquidate assets
and repays Is

Figure 4: Sequence of events within the enhanced renegotiation game.

seizing the project’s assets and putting them to their second-best use, she accepts. It then
follows that the full framework maps directly into our simplified framework of Section 2 and

that contract C* remains optimal.

9 (Conclusion

Contrary to previous findings in the literature (Diamond and Rajan, 2000, 2001), we show
that banks should not adopt a run-prone financing structure. Instead, financial fragility is

detrimental to liquidity creation. We characterized an optimal contract that rests on two
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simple notions: bank creditors can seize pre-specified portions of the bank’s assets, and
some creditors are treated preferentially in doing so. Our contract prevents rent-seeking,
ensures the parties renegotiate only when necessary to absorb real asset losses, and averts
coordination failures where each investor rushes to seize assets expecting the same from the
others. We also argued that our contract is easily implementable. However, banks may be
deterred from adopting it due to government guarantees incentivizing excessive reliance on

demand deposits.
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Appendix

A Proof of Lemma 2

Fix the rejection fee x and the banker’s offer (B;(z))?,. Let p;j(x) € [0,1] denote the
corresponding equilibrium probability that investor ¢ accepts the banker’s offer. The banker
is disintermediated whenever the senior investor rejects, which happens with probability
1 — p1(k). The senior investor can always get a payoff of Bj(x) — k by rejecting since his
seniority ensures that he always seizes all assets. So, suppose the banker offers at least

B (z) — k to the senior investor but offers less than B} (x) — x to at least one junior investor.

By(x) > Bj(xz) — k and Bi(xz) < Bf(z) — k for some i > 2.

We will show that as the rejection fee k vanishes, the probability of the senior investor

accepting goes to zero: liII(l) pi(k) = 0.
KR—>

Denote by a_; € {0, ...,n — 2} the number of junior investors other than i accepting the
banker’s offer. With a slight abuse of notation, we let a_; also denote the random variable
induced by the players’ strategies. Thus, P{a_; = m} is the probability that m of the other
junior investors accept the banker’s offer. Consider some junior investor ¢ who has received

an offer B;(z) < B(x)— k. We refer to this investor as the ‘junior investor’ for the remainder
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of the proof. The junior investor’s expected payoff from accepting the banker’s offer is then

given by
VA(k) = pi(k) [P{a_i —n—2VB,(x) + Pla_; < n— 2}UA| + (1 — p(x)) - 0,

where Bz(x) is the junior investor’s payoff from accepting when all other investors accept,
and U is his expected payoff from accepting when the senior investor accepts, but not all

junior investor accept. We can express U as

n—3

A P{a_ij=m} 4,,A
U' =) s onsti (m),

m=0
where U (m) is the junior investor’s expected payoff from accepting when the senior investor
and m € {0, ...,n—3} of the other junior investors accept. His expected payoff from rejecting

the banker’s offer is given by
VE (k) = pi(r) [P{lai =n —2}(Bi(z) — k) + Pla_; <n—=2}UT — k)] + (1 = p1) - (—K),

where Bf(z) is the junior investor’s gross payoff from rejecting (excluding the fee) when all
other investors accept, and UL is his expected gross payoff from rejecting when the senior

investor accepts, but not all junior investor accept. We can express U as

n—3

R P{a_;=m} /R
U= ) pracnaithi (M),

m=0

where U (m) is the junior investor’s gross expected payoff from rejecting when the senior

investor and m € {0, ...,n — 3} of the other junior investors accept.

We now show that the following relationship holds:

U (m) <UF(m) for all k € {0,...,n — 3}.

7

To this end, suppose the senior as well as m of the junior investors accept whereas n —m — 1
of the junior investors reject and seize assets. The banker has a share S(m) of the assets
left, where
_ 1—
S(m) = max{l —(n—m-— 1)5(71——61)’ 0} :
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The maximum she can pay to the investors who accepted her offer is S(m)z. Recall that
a junior investor gets a zero repayment whenever the banker has insufficient funds to repay
the senior investor.

If S(m) > f3, then the banker has sufficient resources to repay Bj(z) = fz to the senior
investor. In that case, the junior investor i’s payoff from accepting is at most U (m) = B;(x).

Recall that g > B((ln__ﬁl))
the bank’s assets if S(m) > . Thus, his gross payoff from rejecting (excluding the fee) is
UE(m) = B*(z). Since B;(z) < Bf(x), we have U (m) < UE(m).

The senior investor cannot be repaid B(z) = fz if S(m) < . In that case, the junior

implies that the junior investor can seize his pre-specified portion of

investor’s payoff from accepting is zero. His gross payoff from rejecting (excluding the fee)
is bound from below by zero. Thus, we find that U (m) < UF(m) for all m € {0,...,n — 3}
and hence U < UL

We complete the proof as follows. If the senior investor accepts with some positive
probability p; (k) € (0, 1] in equilibrium, then the junior investor must weakly prefer to accept
as well: VA(k) > VE(k). Otherwise, he should reject the banker’s offer with probability
one. But then, by Lemma 1, the senior investor also rejects with probability one. Since
B;(z) < B(z) and U < UF for the junior investor, we have EL%VZAM) < iiz)rg)Vf(m) for all

p1(k) > 0. Hence, it must be that lir% p1(k) = 0. The claim follows.
KR—>

B Proof of Proposition 1

Suppose the state 6 is such that the loan portfolio’s cash flows should the banker deploy her
skills is z. Recall that the banker initially promised to repay D to the depositors. After the
state is realized, renegotiation opens, the banker promises to repay D < z to the depositors
(where D need not equal D). If they accept portion sp = % of the assets are put to the
side (i.e., ringed fenced) to serve as collateral, ensuring that the depositors will be repaid
D. Renegotiation then opens with the capital investor, who can seize the remaining portion
1 — sp of the assets and collect Sz(1 — sp). Thus, conditional on the depositors accepting
the banker’s offer, she only repays fz(1 — sp) = B(z — D) to the capital investor. As we
shall show below, if the depositors reject the banker’s offer, they will seize all assets, and
the payoff to both the banker and the capital investor will be driven to zero. Thus, the
banker maximizes her ex-post payoff by choosing the lowest possible value of D such that

the depositors accept.
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Case 1. x < D. The unique equilibrium is for all depositors to reject the banker’s offer.
Suppose all depositors accept the banker’s offer and do not run. Since the banker can offer at

most D = 2 < D, each depositor can be paid at most % < %. Each depositor has a profitable

deviation. That is, since B% < 1 for all n large enough, a depositor who rejects while all
others accept will be made whole (i.e., he seizes % units of the asset getting 69%% = %)

In fact, one can establish something much stronger: all depositors have a strictly dominant
strategy to reject any banker’s offer (see Case 2 below). The banker cannot avert a run,
and her payoff and that of the capital investor will be driven to zero. The overall payoff to
the depositors is Sx. Finally, what if not all depositors are promised an equal share of the
cash flow 27 In that case, fix a depositor who gets less than %. At least one such depositor
exists since they cannot all be paid at least %. The above argument then applies.

Case 2. D<z< %. Suppose first the banker does not attempt to renegotiate d= %.
Since x > D, she can repay % to each depositor as long as they accept. That is, if all
other depositors accept, each depositor will be indifferent between accepting and rejecting
(he gets % either way), and hence accepts. The depositors are paid D, the capital investor
is paid G(z — D), and the banker gets the rest (1 — 8)(z — D). Even if the banker does not
attempt renegotiation, the depositors might coordinate on a self-fulfilling run in the spirit

of Diamond and Dybvig (1983). Suppose all other depositors reject the banker’s offer. The

n=1D
n Bz
be zero. Thus, an investor who accepts gets zero; by rejecting, he can be made whole if lucky

units of the asset remaining with the banker are (1 — )™ which, for n large enough, will
to be early on the line. We have constructed an equilibrium in which each depositor rejects
not because the banker tries to repay less but because the other depositors are expected to
reject as well. This outcome disintermediates the banker and leaves the capital investor with
a zero payoff.

What if the banker attempts to renegotiate by offering to repay less than % per depositor,
say d < %? In that case, we will show that the equilibrium is unique and that all depositors
reject the banker’s offer in strictly dominant strategies. Assume exactly k depositors reject
the banker’s offer and seize assets, leaving the banker with S(k) = (1 — IQ%)Jr units of the
asset. For n large enough, each depositor’s expected payoff from rejecting is strictly greater
for any k£ than his expected payoff from accepting. To see why, define £* as the smallest
integer with the following property: whatever assets remain after £* depositors have seized
assets is insufficient to fully repay the next depositor who gets a chance to seize assets. That
is,

S < 2 <SSk +1) = k=

Bxn
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Bxn

where ’&D" — 1’ denotes the smallest integer less than or equal to =5~ — 1. Suppose exactly

k* — 1 depositors reject the banker’s offer. If one more depositor rejects, his payoff will be at

m:f’;) The only thing that may deter

xS (k*)
n—k*

banker’s superior loan collection abilities. But notice that fzS(k*) >

least SxS(k*) whereas if he accepts, his payoff will be

which is possible due to the
2S(k*)

n—k*

a depositor from rejecting in this situation is fxS(k*) <

whenever

1
> —.

B

Bzn _ 4

n—17p

Since fx < D, the above condition is satisfied for all n large enough. Now, consider any
depositor i given that exactly k € {0, ...,n — 1} of depositors other than i reject the banker’s
offer. If he rejects and k < k* — 1, he will be made whole. If he rejects and k = k* — 1, he
gets at least xS (k*) and may also be made whole. Finally, if he rejects and k > k* + 1, he
may be made whole, get the smaller amount of SzS(k*), or get zero. On the other hand, if
he accepts and k < k* — 1, he gets at most d, which is still less than % (we have assumed the

banker attempts to renegotiate down the depositors). If he accepts and k = k* — 1 he gets
xS (k*)
n—k*

the banker will be left with no assets. This establishes that each depositor has a strictly

which is less than SzS(k*). Finally, if he accepts and k > k* — 1, he gets zero since

dominant strategy to reject any banker’s offer d less than %. Consequently, the banker is

disintermediated whenever she tries to renegotiate down the depositors.?

Case 3. = > %. Suppose first the banker does not attempt to repay less: she offers
to repay % per depositor. As before, assume that exactly k& € {0,...,n} depositors run
on the bank. The banker can fully repay the n — k depositors who do not run whenever

xS(k) > (n—k)2. Since 8 € (0,1) and z > % we get for all k£ € {0,...,n}:

D kD n-—kD kD n-—k
r2> o =——+ =>—=+4

Enﬂ nﬁﬁﬁ nD

N x<1—k£> > (n—k)2

Ban n

The above implies zS(k) > (n — k)2 for all k between 0 and n. The banker can repay in
full all remaining depositors regardless of how many reject her offer. All depositors accept

whenever the banker offers to repay % per depositor. Finally, suppose the banker offers to

231f not all depositors who accept are promised a pro-rate share, we apply the same argument but by

considering a depositor who was promised less than wns_(i*).
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D
Bxn
rejects and seizes assets is made whole. But then each depositor is strictly better off rejecting

repay less than the initially promised % per depositor. Since < 1, any depositor who
and seizing assets worth % rather than accepting and being paid less than %. The banker
gets disintermediated. She thus optimally chooses not to renegotiate the depositors down. In
the unique equilibrium, the total repayment to the depositors is D, the payoff to the capital
investor is f(x — D), and the banker’s payoff is « — D — f(z — D) > 0.
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