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Abstract

Banks are intermediaries that issue deposits to finance loans, which exposes them to
runs. Diamond and Rajan| (2000, [2001) argue that this financial fragility is precisely
why banks emerge as a solution to the hold-up problem identified by [Hart and Moore
(1994). We revisit this framework and characterize the optimal financial intermediation
arrangement, which maintains the desirable properties of deposits while avoiding runs.
Thus, in contrast to Diamond and Rajan, we find that fragility is not essential for but
rather detrimental to the efficient flow of credit in the economy. Our arrangement ac-
commodates asset risk while remaining safer than deposits and consistent with creditor
monitoring incentives. It also has a natural implementation as an open-end fund and
is consistent with empirical findings. Finally, we identify government guarantees as a
rationale for deposit financing.
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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. So what compels banks to finance loans using deposits?
In other words, why do these fragile institutions emerge? One popular view is that this
practice originated from historical precedent and was subsequently solidified by government
guarantees (Kareken, |1985; [Pennacchil 2012).

In an influential body of work, Diamond and Rajan| (2000, [2001) put forward a different
explanation. They argue that financial intermediaries issue deposits precisely because it
allows them to fund difficult, opaque borrowers who cannot obtain funding from an equity-
financed intermediary or from financial markets directly. The resulting banking arrangement
therefore improves the flow of credit in the economy. Moreover, since issuing deposits leads
to runs, the resulting financial fragility is an essential feature of optimal financial interme-
diation.

In this paper, we revisit the Diamond and Rajan (2000, 2001) model of financial in-
termediation. We show that the optimal arrangement in this setup does not resemble a
bank—Iloans are not financed with deposits—and is not subject to runs. Thus, and in con-
trast to Diamond and Rajan, we find that financial fragility is not essential but detrimental
to the flow of credit in the economy. Instead, we argue that banks adopt fragile liability
structures to benefit from generous government guarantees.

The Diamond-Rajan framework builds on the framework of Hart and Moore| (1994)).
Central to the model is limited commitment, which gives rise to the typical hold-up problem.
In this framework, the hold-up problem manifests itself as illiquidity, in the sense that the
productive assets in the economy are poor collateral and cannot be fully pledged to creditors.
Financial intermediation then emerges endogenously as a solution to this illiquidity problem,
increasing the pledgeability of assets and thus improving the flow of credit.

The framework features many entrepreneurs and investors. Entrepreneurs have access to
a profitable project but need funding. They are the first-best users of their projects’ assets,
but, as in|Hart and Moore| (1994), can commit their human capital to their projects only on a
spot basis. An investor who has issued a loan to an 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
cannot commit to fully repaying the project’s cash flows, the investor can extract only part
of the cash flows when collecting the loan. Because of this limited commitment, the project’s
physical assets cannot be sold or borrowed against for the full cash flow they are expected
to generate.

We refer to the investor who initially lends to the entrepreneur as the intermediary, for
reasons that will become clearer soon. The intermediary knows how the project is set up and
learns the best way of redeploying the project’s physical assets, thus increasing the project’s
liquidation value. This superior liquidation threat gives her specific loan collection skills, as
it allows her to extract a greater repayment from the entrepreneurs than any other creditor.
Nevertheless, illiquidity remains an issue: after making the loan, the intermediary may need
to sell it or borrow against it to finance consumption needs or undertake new investments.r'_-]
However, the intermediary cannot commit to using her specific loan collection skills on behalf
of her own creditors in the future. Instead, the intermediary seeks to renegotiate with her
creditors to extract more rents, asking to be compensated for using her specific skills. It
follows that the intermediary can borrow less against the loan than the repayment she can
collect from the entrepreneur. The loan is also 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 both illiguid. This illiquidity
can be socially costly when it affects the initial terms of the loans to the entrepreneurs. If the
intermediary 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.

Deposits as a solution to the hold-up problem. |Diamond and Rajan (2001)) propose
an elegant solution to the illiquidity problem: the lender issues demand deposits. Deposits
have four 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, fixed face value
of each claim. Third, there is over-pledging: the total face value of deposits corresponds to

the cash flows of the loan portfolio, which exceeds its collateral (or market) value. Fourth,

'Modeling such liquidity shocks, which force the investor 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 investor
has insufficient funds to finance the entrepreneur on her own and, therefore, must raise external funds. If
educating the initial investor is costly, delegating this task to one investor—an intermediary—is efficient
(Diamond, [1984). The intermediary then cannot commit to deploy her loan collection skills on behalf of her
own creditors.



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 lender’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 intermediary and drives her rents to zero. Consequently, she prefers not to seek rents
and instead repays depositors in full. Thus, issuing demand deposits (i.e., setting up a bank)
can be seen as a commitment device for the intermediary, tying her specific skills to the loan
portfolio. The loan portfolio can then be collateralized to the full extent of its expected cash
flows. In this sense, issuing deposits creates liquidity.

However, demand deposits have two major drawbacks. First, the bank experiences fun-
damental runs if the outstanding deposits exceed the project’s cash flows, even without
opportunistic behavior by the intermediary. 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 asset losses. Indeed, every depositor strictly prefers to run on the bank regard-
less of the action of the other depositors. Second, the first-come, first-served design feature
of deposits leads to equilibrium multiplicity as in |Diamond and Dybvig (1983). The reason
is that sequential service renders withdrawal decisions strategic complements: depositors
want to run on the bank if they expect other depositors to run on the bank, even if bank
fundamentals are good and the intermediary is not seeking rents.

For the reasons above, Diamond and Rajan| (2000)) show that the intermediary may wish
to complement 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 intermediary at any
time. Another interpretation is long-term debt, which grants creditors this right only if the
intermediary defaults. Capital 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 consequence, capital can be renegotiated down 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. Thus, greater bank capital reduces financial

fragility but also reintroduces the hold-up problem.



A better solution. We show that the hold-up problem can be addressed without gener-
ating financial fragility. Specifically, we design a contract that deters rent-seeking, facilitates
useful renegotiations in response to losses, and is not subject to coordination failures.

Our contract also has four essential 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 market value of a pre-specified share of the bank’s assets. Third, the value of these
shares corresponds to the loan’s expected cash flows. Finally, 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 and third features with deposits: both contracts have
demandable claims and pledge the loan’s cash flows, which exceed its collateral value. These
two features ensure that the bank creditors demand immediate repayment whenever the
intermediary seeks rents by offering to repay less than the entire cash flow of the loan
portfolio. In this case, the intermediary is disintermediated and her rents are driven to zero.
This deters the intermediary from seeking rents in the first place. Our contract therefore
achieves the same ‘disciplining outcome’ as the deposit contract.

However, our contract differs on the other two dimensions. In particular, the deposit
contract specifies a promised repayment of $D. Our contract specifies a promised repayment
of s% of bank assets. Importantly, since investors ‘withdraw’ shares of the intermediary’s
assets, their option value of demanding repayment naturally fluctuates with the state of the
economy and perfectly adjusts to the returns of the loan portfolio. This allows our contract
to accommodate fundamental asset risk.

Furthermore, sequential service under the deposit contract induces ‘disorderly’ with-
drawal: even though all depositors hold the same claim, some are lucky and withdraw first,
while others may be unlucky and cannot withdraw. The contractually specified priority
provisions under our contract induce ‘orderly’ withdrawal: the senior creditors always with-
draw first. This prevents the coordination failures that can lead to bank runs even without
rent-seeking. The usual logic around runs—where depositors rush to withdraw their funds
before others do—does not apply. Junior creditors cannot ‘outrun’ senior creditors due to
the contractually specified priority structure. As a result, the withdrawal decisions from
the junior creditors’ perspective become strategic substitutes: they prefer not to withdraw
when senior investors do. Consequently, if the junior creditors have no incentives to demand
immediate repayment, senior creditors also have no incentives to do so. The run equilibrium

unravels.



We stress that nothing in the setup of Diamond and Rajan/ (2000, [2001)) forces the
intermediary 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
in this frameworkE] Furthermore, we establish that the optimal solution to the hold-up
problem does not feature sequential service. Therefore, intermediaries adopting sequential
service must be motivated by something else. For example, suppose we were to modify the
baseline framework by assuming that investors may experience a sudden and urgent need to
consume without having access to financial markets, as in [Diamond and Dybvig| (1983) F] In
that case, sequential service is an essential feature of financial intermediaries as originally
explained by Wallace, (1988). We can superimpose [Wallace| (1988)) in the current setup, but
then limited access to financial markets begets financial fragility—mnot the hold-up problem.
It is also unclear to what extent this limited access continues to be an important friction.

In sum, under the optimal contract the intermediary is only disintermediated when she
is rent-seeking—and not due to coordination failures and low asset returns. The hold-up
problem can thus be addressed without generating fragility. Table |1| summarizes the key

design features of both the deposit contract and the optimal contract.

Deposit contract Optimal contract C* Outcomes under C*
z Demandabl.hty Demandabl.hty } Prevent rent-secking
. Over-pledging Over-pledging
110 Fixed payments Variable payments Prevents fundamental runs
1. Sequential service Priority structure Prevents panic runs

Table 1: Key features of the deposit contract (Section and the optimal contract (Section.

Implementation and empirical evidence. Our contract has a natural implementation
as an open-end fund with the properties outlined in the middle column of Table (1, Demand-
ability follows directly from the open-end structure. Over-pledging and variable payments

arise naturally if fund shares are priced according to the expected cash flows of the fund’s

2This is demonstrated by the intermediary’s ability to issue both demand deposits and capital (which
is not subject to sequential service) at the same time. Furthermore, Diamond 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)

3 Another reason for sequential service is ensuring the investors have an incentive to monitor the inter-
mediary (Calomiris and Kahn| [1991; |Chen, {1999)), which we discuss below and at length in Section



assets. The priority structure can be achieved via side letters or by issuing demandable debt,
which is naturally more senior than the claims of fund shareholders.

Empirical evidence from Bradley et al.| (2010]) supports our mechanism. They show that
activist arbitrageurs frequently target closed-end funds trading at a discount relative to their
net asset value (NAV), with the goal of converting them to open-end funds. Such discounts
are consistent with rent-seeking by fund managers in our framework. Open-ending attempts
force management to act in the interest of fund shareholders—e.g., by reducing fees or
increasing dividends—Ileading to a significant reduction in discounts. Importantly, [Bradley
et al.| (2010) also find that the threat of future open-ending attempts already helps reduce
discounts. The contractual solution we propose is therefore consistent with the emergence of
closed-end private debt funds (Cai and Haque, 2024))—as long as there is a credible threat

of open-ending these funds to discipline fund managers.

Safety, monitoring, and government guarantees. While our analysis demonstrates
that deposits are not the optimal solution to the hold-up problem, they are widely used in
practice. We therefore examine several potential explanations for this discrepancy: demand
for safe claims, monitoring incentives, and government guarantees.

First, we demonstrate that our proposed arrangement provides greater safety than de-
mand deposits, as it is specifically designed to absorb risk more effectively. To demonstrate
this, we assume that investors are risk averse. The exact reason for this risk aversion is
outside of the model and may be due to investors’ preferences (Gershkov et al., 2024) or
due to asymmetric information about asset values (Gorton and Pennacchi, 1990)). We then
consider two different scenarios. In the first scenario, we fix the contract space to compare
deposits (without capital buffers) and our contract C*. We show that our contract yields a
Pareto improvement if the number of investors is sufficiently high-—regardless of investors’
risk aversion, each investor is better off than under the deposit contract. The reason is that
runs disintermediate the banker even though this is ex-post inefficient. Hence, the average
repayment to depositors is lower. Moreover, the first-come, first-served feature of deposits
implies that deposits become highly risky during a run: some depositors are repaid in full
whereas others are repaid nothing.

In the second scenario, some investors are assumed to be infinitely risk averse and thus
seek fully safe claims. The intermediary can engineer such claims by tranching the asset
portfolio. The safe tranche is financed with either deposits or (a senior variant of) our

contract C*, and the risky tranche is financed using (a junior variant of) our contract.



Diamond and Rajan (2000) also show how to create fully safe claims by complementing
deposits with a sufficient amount of capital, but, as argued above, this reintroduces the
hold-up problem. Importantly, replacing capital with our contract allows the intermediary
to maintain the same level of safe deposits while limiting rent-seeking. This underscores that
our contract is a more efficient buffer than equity while being fully compatible with some
level of deposit issuance.

Second, our optimal contract is consistent with the role of bank creditors as monitors. In
Calomiris and Kahn| (1991)), the intermediary acts against the best interests of her creditors
in certain states, who then find it ex-post desirable to disintermediate her. The authors
argue that banks issue demand deposits as their first-come, first-served rule sets the correct
incentives for depositors with high monitoring capabilities to identify such states. 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. The intermediary is disintermediated and thus 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).
Moreover, our optimal contract improves upon deposits as it avoids the cost of coordination
failures associated with demand deposits.

Lastly, why do banks persist in issuing deposits despite the availability of superior con-
tractual arrangements? We offer a rationale by introducing explicit government guarantees.
Such guarantees create a form of moral hazard, incentivizing banks to adopt a fragile liability
structure through demand deposit issuance in order to transfer asset risks onto the govern-
ment. Thus, financial fragility may be an undesirable side effect of government guarantees
rather than an inevitable downside to efficient financial intermediation. This conclusion is
consistent with the long-held view that financing loans with deposits originated from histor-
ical precedent and was subsequently entrenched by government guarantees (Kareken|, 1985}
Pennacchi, 2012]).

Related literature. Our paper is primarily related to theories of financial intermediation
and creditor dispersion. We begin by discussing the former.

Previous work has argued that banks emerge to provide liquidity insurance through
maturity transformation (Diamond and Dybvig, |1983), issue means-of-payment and facili-
tate trade (Gorton and Pennacchi, |1990; [Dang et al., [2017)), generate liquidity management
synergies (Kashyap et al., 2002)), and delegate monitoring (Diamond}, |1984). In each case,



designing intermediation arrangements that rule out the possibility of any runs constitutes
a desirable social objective. In other words, financial fragility is a bug and not a feature.

In contrast, |Calomiris and Kahn| (1991) and Diamond and Rajan (2000, [2001)) offer an
alternative explanation: demandable deposits and the threat of bank runs solve an agency
problem by letting depositors punish misbehavior. According to this view, the scope for
fragility is an endogenous and desirable design feature of financial intermediation.

Our contribution is to characterize a contractual arrangement that dominates deposit
financing. In Diamond and Rajan| (2000, 2001), the intermediary seeks rents but disinter-
mediating her is not ex-post optimal. Efficiency therefore requires that bank creditors have
an effective threat point of disintermediation that is never exercised. Hence, runs are off-
equilibrium phenomena under the optimal contact—which does not hold true for deposits.
Consequently, fragility in this setup is not inevitable but detrimental to the flow of credit. In
Calomiris and Kahn (1991), disintermediating the intermediary is desirable ex-post if she is
about to act against the best interest of her creditors. While this implies that runs become
on-path phenomena under the optimal contract, they still occur too often under the deposit
contract relative to our contract [

Wagner| (2009) offers another solution to prevent rent-seeking: the intermediary is an
equity-financed bank, and bank equity owners buy put options on their own bank. This
enhances their bargaining power if the put option fully insures them against the banker
withdrawing her human capital. However, and in contrast to our approach, this solution
relies on several critical assumptions on the market structure and timing of renegotiations/’|

Our paper also contributes to theories emphasizing the beneficial effects of creditor dis-
persion (Bolton and Scharfstein, 1996; |Diamond, 2004; Von Thadden et al., 2010; Zhong],
2021). When a single lender can credibly commit to liquidating the firm if the borrower
attempts renegotiation—as in Diamond| (1984)—this threat alone can deter renegotiation,
eliminating the need for multiple creditors to enforce discipline. However, as Hart and Moore
(1994) argue, if lenders cannot commit to liquidating for less than what the borrower offers

in repayment, a hold-up problem emerges: the borrower may be incentivized to repay less

4The main difference between |Calomiris and Kahn| (1991) and Diamond and Rajan| (2000, 2001)) is that
there is no hold-up problem in the former since liquidation is, by assumption, ex-post optimal for the lender.
Nonetheless, our solution to the hold-up problem in Diamond-Rajan also applies and improves upon deposits
in the framework of Calomiris and Kahn.

SThese assumptions include: (i) option writers behave competitively and do not extract rents from
investors; (ii) the intermediary cannot negotiate directly with these option writers; (iii) put options are
purchased after the economic state is revealed, making contracts de-facto state-contingent; and (iv) put
options are purchased before the banker can engage in renegotiations.



than originally agreed. In such cases, borrowing from multiple lenders can serve as a disci-
plinary mechanism—each lender may be more willing to liquidate if doing so imposes a cost
on others, thereby discouraging opportunistic behavior by the borrower. Yet, this dispersion
has drawbacks: it can also introduce coordination failures, such as value-destroying creditor
runs on the firm’s assets[]| We contribute to this line of research by showing that careful con-
tractual design can address the collective action problem without undermining the beneficial
aspects of creditor dispersion.

From a methodological perspective, our work relates to Harris and Raviv| (1995) who
were probably the first to study contracts as inducing games in situations where not all
contingencies can be accounted for. Their framework features two contracting parties that
behave strategically within the ‘rules of the game’ defined by the contract. |Von Thadden
et al| (2010)) extend this setup to study corporate debt structures with multiple creditors
and distinguish between individual and collective debt collection. The latter is interpreted
as bankruptcy, which legal scholars have long viewed as a process of adjusting individual
claims when these claims are mutually inconsistent (see, e.g., Jackson (1986])). In the same
spirit, we study financial intermediation arrangements that specify individual claims on the
intermediary and how to align them if they are mutually inconsistent. In doing so, we show
that the optimal financial intermediation arrangement does not take the form of commercial
banks—i.e., institutions that issue first-come-first-served deposits to finance loans.

Finally, related research suggests that the presence of multiple creditors may itself be an
outcome of (rather than a remedy to) the limited commitment problem. In Donaldson et al.
(2020) and DeMarzo and He| (2021)), borrowers cannot be restrained from diluting existing
creditors by issuing new, effectively more senior debt. In Brunnermeier and Oehmke, (2013)),
this dilution comes in the form of an ever shortening maturity structure of debt. In contrast,
we highlight a disciplining effect of demandable claims, in line with empirical findings by
Bradley et al.| (2010)).

Outline. Section [2] presents the model and describes the fundamental source of illiquidity
in this setup. Section [3| states, illustrates, and discusses our main result, including im-
plementation and empirical support. Section [4] revisits the demand deposit contract (with

capital buffers) as in |Diamond and Rajan| (2000, 2001) and explains why it is not optimal.

6There is an interesting connection to the theory of the second best (Lipsey and Lancaster, |1956). That
is, if removing one distortion (e.g., lenders’ commitment problem) is infeasible, then introducing another
distortion (e.g., collective action problem among the lenders) may partially offset the first and thus lead to
more efficient outcomes.



Section [5| discusses safety properties and monitoring incentives of the two contracts, as well
as government guarantees. Finally, Section [0] concludes. The appendix contains proofs of all

propositions and several extensions of the baseline setup.

2 Model

Our baseline model contains the core elements of the model in Diamond and Rajan| (2000,
2001)), which builds on the framework of |[Hart and Moore, (1994). We begin by describing the
environment and then introduce some illustrative contracts. We subsequently identify the
fundamental source of illiquidity in this setting. For simplicity, the baseline model excludes
the entrepreneur, whose inclusion would complicate the analysis without affecting our main
results. We briefly discuss how the entrepreneur can be integrated into the model, with full

details provided in Appendix [A]

2.1 Environment

The model has three dates and includes an intermediary and many investors. All agents
have linear utility over consumption[] in all periods and do not discount future payoffs.
The intermediary 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
[0,0]. The loan portfolio yields a state-dependent cash flow of z(6) € (0, 00). Without loss
of generality, suppose that z(#) is weakly increasing in #, and define = x(6) and z = z(6).
We set T > z and P[z(f) = 7] € (0,1), which implies that the loan portfolio is risky. The
loan portfolio’s expected cash flows are E[z(0)] = ffx(&)dF(@).

We assume that cash flows are observable andiveriﬁable, and the intermediary cannot
divert them. At the same time, the state of the economy 6 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 technology with a gross return of one available to all agents.

The intermediary may experience a liquidity shock at date 1—and so after she has ob-

tained the loans—with some strictly positive probability. As in Diamond and Rajan (2001]),

"We consider risk-averse investors in Section
8We extend the model and assume that the state is unobservable in Appendix

10



the liquidity shock may arise due to a highly valued investment opportunity or due to a shock
to the intermediary’s discount rate. In the event of such a shock, the intermediary aims 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 intermediary signs
a contract with one investor or a group of investors that specifies some repayment B;(x) to
each investor ¢ as a function of the loan portfolio’s cash flow x on date 2.

The initial contract may grant the investors the right to seize (a portion of) the inter-
mediary’s loan portfolio. Loan ownership is then transferred from the intermediary to the
investor, who now collects the repayment of the loans. However, each investor can only
collect a repayment of Sz(f) from the portfolio of loans in state 6, where 0 < 8 < 1 and
B € RP| This implies a market value of the loans of BE[z(0)] at date 1 and of Bz(0) at date
2. One interpretation is that the intermediary develops specific skills as the initial lender.
These skills allow her to best redeploy the productive assets underlying the loan portfolio.
The investors do not develop these skills and, hence, can only put the assets to their second-
best use. We say that an investor seizes assets when loan ownership is transferred from
the intermediary to this investor. Furthermore, the intermediary is disintermediated if the
investors have seized all her assets.

The central friction in this setup is limited commitment: at any date ¢, the intermediary
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 intermediary 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 selling themselves into bondage. Thus, courts cannot compel the intermediary to
deploy her human capital even if they can enforce other aspects of contracts. Consequently,
on date 2, the intermediary 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[x(0)] < 1. Together, these assumptions imply a cost of illiquidity, making
the analysis interesting. Third, for simplicity, the loan portfolio is perfectly divisible: suppose
the intermediary 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 6, the intermediary

collects a cash flow of (1 — s)x(#), whereas the investor collects sBz(0).

9We extend the model and allow for § to be state-contingent in Appendix

11



Figure [I] summarizes the sequence of events.

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

and borrow from investors

Figure 1: Timeline of events.

Renegotiation. After the state 0 is realized, the intermediary and the investors play a
non-cooperative game in the spirit of |Diamond and Rajan! (2000, 2001)), which we call the
renegotiation game. The intermediary moves first by offering each investor a new repayment
plan. The investors move second, each simultaneously and independently deciding whether
to accept or reject the intermediary’s offermlﬂ

Suppose the cash flow if the intermediary deploys her loan collection skills is . We follow
Diamond-Rajan in assuming that the intermediary 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 intermediary has full
bargaining power entails no loss of generality. Key to our findings is that the intermediary
has some bargaining power.

If investor i accepts, he now holds a claim of B;(x) on the intermediary. If investor i
rejects, he seizes a portion of the intermediary’s assets. If multiple investors reject the inter-
mediary’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 intermediary is a function of the other investors’ actions and the contractually speci-

fied rationing rule reconciling incompatible claims on the intermediary’s assets. We provide

1ONotice that the intermediary moving before anyone else makes the hold-up problem most severe. This
timing assumption effectively makes it impossible for investors to enhance their bargaining power in the
renegotiation game through, for example, side agreements with third parties.

HWe extend the model to include multiple rounds of renegotiation in Appendix

12



example contracts highlighting such rationing rules in the following subsection.

The intermediary’s renegotiation offer and the rationing mechanism in the original con-
tract define a subgame. Our solution concept is subgame perfection. We interpret offer-
ing B;(z) = By(x) as the intermediary not renegotiating with investor 7 and insist on the
feasibility of the intermediary’s offers: ., B;(z) < x. Those investors who accept the
intermediary’s offer forego their right to seiz_e assets.

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

Finally, the intermediary’s payoff may be zero either because she has been fully disin-
termediated or because she has transferred all the loan repayments to the investors. To
avoid indeterminacies, we assume the intermediary 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 this game.

Intermediary offers repayments B(x) Rejecting investors seize assets according to rationing rule
I ~ | 1
| = /\l _ ? i
Investors simultaneously accept or reject Intermediary and/or investors collect loans

Figure 2: Sequence of events within the renegotiation game.

2.2 Ezxample contracts

To fix ideas, we present three example contracts. The first contract is with a single investor,
who is promised a repayment of B(x) if the loan portfolio’s cash flows on date 2 are x, where
B(z) € [0,z]. This investor also has the right to seize assets should the intermediary 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(z) = min{z, D}.
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The second contract is the deposit contract issued to n > 2 investors. 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 intermediary 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 intermediary 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 intermediary’s assets have been
seized; the remaining depositors then seize no assets.

The third contract is in the spirit of the optimal contract described in the following
section. The intermediary borrows from two investors ¢ € {1,2}. Each investor ¢ is promised
a repayment of D; > 0 and receives the right to seize a portion s; € [0, 1] of the loan portfolio
should the intermediary 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 fundamental source of illiquidity in this setup is the hold-up problem. Specifically, the
loans’ cash flows can only be fully collected using the intermediary’s specific skills. Since, as
we will see, these cannot be easily committed, the loan portfolio is illiqguid—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 €, implying that the loan portfolio yields a
cash flow of z(6) should the intermediary deploy her loan collection skills. Suppose further
that the intermediary has borrowed from one investor and promised to repay B(x(6)). If
B(z(0)) > px(0), the intermediary makes the following offer: "I will not deploy my loan
collection skills unless you agree to be paid Sz (6)."

If the investor accepts, the intermediary uses her loan collection skills. The intermediary’s
payoff is (1 — 3)z(#), whereas the investor’s payoff is Sz (). If the investor rejects, he seizes

the loan portfolio and collects Sx(6). Thus, the investor is indifferent between accepting
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and rejecting the intermediary’s offer and accepts. The maximum expected payment the
intermediary can pledge to this single investor is thus SE[z(f)] even though the expected
loan repayment is E[z()]. In other words, the loans are illiquid.

Consequently, the intermediary may prefer not to obtain the loan portfolio in the first
place. To illustrate, suppose that the intermediary 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 SE[z(f)] < 1. The intermediary then prefers to store her endowment, which

yields a return of one.

2.4 Towards a model of financial intermediation

In the full model (see Appendix|A)), a financial intermediary endogenously emerges to channel
funds from multiple investors to an entrepreneur who has access to a productive project but
lacks funding. As we now outline, having an intermediary is useful since it mitigates the
hold-up problem at the core of Hart and Moore| (1994) also for the entrepreneur and thus
facilitates larger repayments from the entrepreneur to the investors.

The full framework features a two-stage renegotiation process. In the first stage, rene-
gotiation determines who retains claims on the project’s assets—either the intermediary, if
disintermediation is avoided, or the investors, if disintermediation occurs. The second stage
then determines who operates those assets. The entrepreneur is the first-best operator of the
project and thus ultimately manages the assets following these renegotiations—unless severe
frictions cause misallocation of productive resourcesF_ZI Crucially, investors lack a credible
threat of separation, and therefore can extract only a small repayment when dealing directly
with the entrepreneur.

An intermediary that acquires project-specific skills would possess a stronger separation
threat than the investors (hence she can extract greater repayment from the entrepreneur),
but faces a similar commitment problem relative to her owner investors. The intermediary
therefore designs an optimal financing structure to achieve commitment—an approach that
we detail in the next section. The key insight of Diamond and Rajan| (2001) is that the
intermediary causes her own disintermediation—an outcome she prefers to avoid—whenever

she offers to transfer less than the full amount she can collect from the entrepreneur. An-

12This is essentially a manifestation of the Modigliani-Miller irrelevance theorem: a run on the borrower’s
assets has no bite unless it causes inefficient liquidation. See Diamond| (2004) for a discussion of when and
how a fragile liability structure can benefit non-financial borrowers.
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ticipating this outcome, she can effectively commit to transferring the entire amount to the
investors.

Financial intermediation thus increases the pledgeability of the entrepreneur’s assets,
enabling financing for more socially desirable projects. For clarity, we focus on a simpli-
fied version of the model with only investors and the intermediary, as incorporating these

additional features does not affect the core results.

3 Main result

We show how to design a contract that renders the loan portfolio fully liquid in every state
of the economy, thus addressing the hold-up problem without introducing any undesirable
outcomes. Then, we present a simple example illustrating how the contract achieves these
objectives, followed by a discussion of its essential properties. Section outlines how
our contractual solution to the illiquidity problem can be implemented in practice and also

discusses its empirical relevance.

3.1  An optimal contract

The intermediary borrows from N > 2 investors on date 1 by issuing the contract C*,

which specifies 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 intermediary’s

assets. Specifically, investor 1 has the non-contingent right to seize a share of 1 (and thus

all) of the assetsH Each of the other N — 1 investors has the non-contingent right to seize
1-8

a share BIN-T) of the assets. That is,

s1=1 and s = =L fori=2,...,N.

The number of investors N is sufficiently large such that mlN;—BU <1.
Importantly, not all investors can exercise their rights to seize assets simultaneously, as
their shares sum to more than one. The rationing rule in that case is simple: investor 1

is senior to all other investors. If multiple investors, including investor 1, attempt to seize

13We consider a generalized version of contract C* in Section where this share of 1 is partitioned
across multiple investors.
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assets, then investor 1 seizes all assets; consequently, all other investors seize no assets. The
seniority arrangement among the junior N — 1 investors is irrelevant. Hence, we leave it
unspecified.

Taken together, the respective rights to seize assets and the rationing rule imply the
following. Suppose the state is such that the loan portfolio generates a cash flow of z, should
the intermediary deploy her skills. Investor 1 can thus generate a payoff of Sz by seizing

their portion of the intermediary’s assets; any other investor can generate a payoff of at most

1-5
(N-1)

Finally, the contract C* specifies that any investor who exercises their right to seize assets

x.

in the renegotiation game must pay a vanishingly small ‘withdrawal fee.” This fee ensures
investors who are indifferent between accepting and rejecting the intermediary’s offer strictly

prefer to accept [[[17]
We are now ready to state our main result.

Proposition 1. Suppose the intermediary issues contract C* on date 1. The intermediary
repays a total of x(0) to the investors in every equilibrium of the renegotiation game and in

every state 0 € [0,0]. The contract C* thus allows the intermediary to borrow E[z(0)].

We provide the proof in Appendix [C] and illustrate the result next. Section [3.3] then
discusses the design features of C* and explains why any optimal contract in this setup must

satisfy these properties.

3.2 An illustration

For this illustration, set g € [%, 1). Suppose the intermediary has issued contract C* to two
investors at date 1, with investor 1 being senior and investor 2 being juniorm Suppose the
realized state of the economy is such that the loan portfolio generates a cash flow of z € (0, o)
on date 2. The intermediary begins renegotiations by offering a payment of By (x) to the

senior investor and By(x) to the junior investor. Recall that the senior investor has the

4One can equivalently assume that the fee is paid upfront into an escrow fund and then rebated to
those (and only those) investors accepting the intermediary’s offer in the renegotiation game. An alternative
interpretation of the withdrawal fee is as a tiny utility cost due to the inconvenience of seizing assets, e.g.,
shoe leather costs. Diamond and Rajan| (2000} 2001)) adopt a similar approach by (implicitly) stipulating
that investors accept the intermediary’s offer when they are indifferent.

15 An alternative approach is to write a tie-breaking rule on investors’ strategies—each investor accepts
when indifferent—into the equilibrium concept. Unfortunately, equilibrium existence is then not guaranteed
for all renegotiation offers by the intermediary.

16A larger number of investors is only needed if 8 < 1.
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right to seize all of the bank’s assets; the intermediary is then disintermediated. The junior

investor can seize a share 122 of the bank’s assets, but only if the senior investor accepts

B
the intermediary’s offer. The intermediary then collects the loan portfolio on behalf of the

senior investor and repays either By (x) or, if smaller, the entire cash flow (1 — %)x < Bx.

Junior investor accepts Junior investor rejects
Senior investor accepts Bi(z), Ba(x) min { By (), (1 — %)x}, (1-pP)x
Senior investor rejects Bx, 0 Bx, 0

Table 2: Investor payoffs given the intermediary’s offer.

Table [2] shows the payoffs of each investor for all four strategy combinations for a given
set of intermediary offers and in the absence of a tie-breaking withdrawal fee. We make three
important observations. First, the intermediary is disintermediated whenever she seeks rents
(defined as offering By (z) 4+ By(z) < z). Second, whenever she does not seek rents, then
there exists a ‘good’ equilibrium in which she is not disintermediated. Third, there are ‘bad’
equilibria in which the intermediary is disintermediated despite not seeking rents. However,
we will show that these bad equilibria are unstable: they are all eliminated by the vanishing
withdrawal fee.

First, observe that due to the priority structure, the senior investor can always guarantee
a payoff of Sz by rejecting and seizing all assets. Consequently, any offer By(z) < Bz
induces a Nash equilibrium in which the senior investor rejects the intermediary’s offer. The
intermediary is then disintermediated, and her payoff is driven to zero.

Second, suppose the intermediary offers Bl(x) = [x to the senior investor and thus
does not seek rents from this investor. Feasibility then requires that the offer to the junior
investor is such that By(x) < (1 — B)z. The intermediary cannot extract rents from the
junior investor without getting disintermediated by the senior investor. To see why, suppose
the intermediary seeks rents from the junior investor By(z) < (1— ). If the senior investor
accepts, the junior investor strictly prefers rejecting the offer and seizing assets worth (1—/3)z.
Anticipating this outcome, the senior investor finds it strictly profitable to reject and, given
his priority, to seize all assets. Hence, the senior investor rejects whenever the intermediary
secks rents from the junior investor (i.e., whenever By(x) < (1 — 8)z). The intermediary is
again disintermediated, and her payoftf is zero.

So far, we have established that the intermediary cannot capture any rents. Now, suppose
the intermediary is not rent-seeking: By (x) = Bz and By(z) = (1 — 8)x. Table 3| shows the
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Junior investor accepts Junior investor rejects

Senior investor accepts px, (1 —p)x (1— %)x, (1—p)x

Senior investor rejects Bx, 0 Bx, 0

Table 3: Investor payoffs if the intermediary does not seek rents.

resulting payoff matrix. The junior investor is indifferent between accepting and rejecting
since he gets fx either way. If he accepts, then the senior investor is also indifferent between
accepting and rejecting. At the same time, the senior investor strictly prefers rejecting the
intermediary’s offer if he expects the junior investor to reject.

We therefore obtain the following pure strategy equilibria. First, both investors accept
the intermediary’s offer. Second, both investors reject. Third, the senior investor rejects,
and the junior investor accepts. Notice that the second and third equilibria are unstable.
The senior investor attains a payoff of Sz regardless of his actions and is indifferent between
accepting and rejecting. The vanishingly small withdrawal fee (which, recall, is part of C*)
breaks the indifference in favor of accepting, and these equilibria unravel, leaving only the
equilibrium where both investors accept.[f]

In sum, we conclude the following. Since the intermediary prefers not to be disinterme-
diated, and since the intermediary is not disintermediated unless she seeks rents, she offers
to transfer the loan portfolio’s total cash flows () to the investors, which they accept.
Consequently, the intermediary can borrow E[z(#)] using the loan portfolio as collateral. In

other words, the loan portfolio is fully liquid under contract C*.

3.3  Discussion

We now discuss the essential properties of the contract C* and explain how our contract
can be implemented as an open-end fund with a priority structure. We then argue that our

results are consistent with empirical findings.

Essential properties. The contract C* is designed to prevent rent-seeking, accommodate
fundamental risk, and eliminate panic runs. The key property of C* that achieves the first

two objectives is the following: If all investors accept the intermediary’s repayment offer, then

"There are also mixed strategy equilibria where at least one investor is indifferent between accepting and
rejecting. It is easy to see that the vanishing withdrawal fee unravels those equilibria as well (see Appendix

for details).

19



the sum of the investors’ outside options from unilaterally demanding repayment equals the
full cash flows of the loan portfolio. This property is satisfied in every state of the economy
and has two important implications.

First, there exists no equilibrium in which the intermediary offers to transfer less than
the full cash flow of the loan portfolio and is not disintermediated. Indeed, if the inter-
mediary offers a lower repayment to any investor, that investor finds it profitable to reject
the intermediary’s offer and seize assets. This, in turn, triggers a “chain reaction” among
investors that leads to the intermediary’s disintermediation. Notice that enhancing the col-
lateral value of assets beyond their market value Sz (0)—that is, to create liquidity in the first
place—requires issuing demandable claims which repay a total of x(#). Hence, the contract
over-pledges repayments relative to the market value of assets.

Second, the contract is designed to effectively accommodate the fundamental risk of the
intermediary’s loan portfolio. Since the investors can seize portions of the loan portfolio, the
value of their option to foreclose on the intermediary (the value of their collateral) naturally
adjusts to the state of the economy. This then rules out scenarios in which the intermediary
is disintermediated in bad states of the world, not because she seeks rents but because of
contractual rigidities that deter valuable renegotiations.

Another key feature of C* is the priority structure which implies that the equilibrium
where the intermediary does not seek rents is unique. Indeed, this priority structure among
investors prevents coordination failures in the spirit of |Diamond and Dybvig (1983) that
lead to the disintermediation of the intermediary even when she does not seek rents. The
usual logic around bank runs—everybody rushing to the bank to get their money out before
others do so—does not apply under our contract. Instead, the senior investor seizes assets
with priority. As a consequence, the junior investor can never “outrun” the senior investor.
The investors’ actions therefore become strategic substitutes: if the senior investor rejects,
the junior investor prefers to accept. With the junior investor accepting, the senior investor

has no incentive to disintermediate the intermediary. The run equilibrium unravels/™|

Implementation. Our contract C* has a natural implementation as an open-end fund
with certain properties. Specifically, investors hold claims on the fund to a fraction s of cash
flows but have the rights to seize a fraction s/ of assets. The liquidation rights thus ezceed

the cash flow rights, reflecting the fact that the market price of an asset with a unit cash flow

8Note that we obtain this uniqueness result by appealing to a strictly positive withdrawal fee. Since it
is vanishingly small, its presence does not facilitate any economically meaningful rent-seeking.
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is given by 4 < 1. Thus, in our two investor example, the senior investor has cash flow rights
of a share [ of assets and liquidation rights of a share 1. The junior investor has cash flow
rights of 1 — /8 and liquidation rights of (1—/3)/f. This ensures that in states where the cash
flow is x if the intermediary deploys her skills, the cash flow rights aggregate to x. Similarly,
the unilateral liquidation rights also total x. This arrangement prevents rent-seeking and
accommodates fundamental asset risk.

Further, to implement the contract C*, the open-end fund must also assign priority among
the investors if the intermediary is concerned about coordination failures as in|Diamond and
Dybvig (1983). In practice, such funds can (and often do) adopt a variety of redemption rules.
Examples include pro-rata allocations, whereby each investor receives an identical percentage
of their requested redemption amount when their requests are mutually incompatible; first-
come, first-served; and side letters, under which funds grant large strategic investors exclusive
withdrawal windows. In the last case, some investors are contractually prioritized. Open-end
funds can also structure investor priority by issuing debt. For example, the senior claim in
our case can be implemented as demandable debt with face value fz. Such a claim allows the
senior investor to achieve a payoff of Sz by demanding repayment and is naturally prioritized
to fund shares.

State-contingent contracts. The above arrangement robustly implements our contract as
it prevents the intermediary from extracting rents even when the parties cannot contract
on the (unverifiable) state of the economy. Some mechanisms, including auditing and reg-
ulatory oversight, can effectively make the state verifiable, thus allowing contracts to be
state-contingent. Specifically, in state 6, an investor holding a fraction s of the shares in the
fund can demand immediate repayment of sx(#). This demand can be met if the intermedi-
ary sells a fraction s/ of assets in financial markets, given their unit market price of Sx(6).
Hence, if the fund’s asset values can be correctly determined in every state, it is no longer

necessary for liquidation rights to exceed cash flow rights.

Relation to empirical findings. We now review empirical evidence in support of our
mechanism. Closed-end funds (CEFs) frequently trade at a discount from their net asset
value (NAV), a phenomenon commonly referred to as the closed-end fund puzzle (Lee et al.|
1991). Through the lens of our model, these discounts arise if fund managers extract rents
from fund shareholders, offering a potential explanation for this puzzle.

In line with the implementation of contract C* as open-end fund, Bradley et al.| (2010)

document the effect of activist arbitrageurs’ efforts to convert discounted CEFs into open-
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end funds. These open-ending attempts force fund management to reduce fees, increase
dividends or repurchase shares—actions that benefit shareholders. This results in a signifi-
cant reduction in discounts, typically cutting them in half. At the same time, the likelihood
of a fund being targeted increases with the size of the discount and the severity of agency
frictions among fund managers and investors. This suggests that the hold-up problem is
particularly pronounced in these cases. Fund managers often resist these open-ending at-
tempts, consistent with their fear of losing the ability to extract rents. Further, the need for
activist arbitrage—rather than pure trading arbitrage—is supportive evidence of our mech-
anism since these open-ending attempts can be interpreted as adopting C*. Indeed, our
results imply that trading claims softer than C* cannot prevent rent-seeking on its own [

Furthermore, activist-led open-ending is not the only mechanism for narrowing a closed-
end fund’s discount to net asset value. The majority of closed-end fund charters include
so-called lifeboat provisions, which are triggered when the discount to NAV exceeds a certain
threshold and give shareholders the right to vote on open-ending (Bradley et al., 2010). As
for activist open-ending attempts, fund managers often seek to preempt these provisions by
increasing dividend payouts, initiating share buybacks, or reducing fees. In line with our
findings, lifeboat provisions therefore serve as a disciplinary tool for management.

Finally, some authors view lifeboat provisions as a form of insurance against poorly
skilled fund managers (see, e.g., Lenkey| (2012)). However, this view struggles to explain
why activist arbitrageurs push for open-ending funds rather than replacing management.
In contrast, and consistent with our model, lifeboat provisions are a safeguard against the
hold-up problem. Under this interpretation, the existing manager remains the most efficient
user of the fund’s assets, justifying their continued role even after the provision is activated.

Private debt funds. |Bradley et al. (2010)) further argue that the threat of future open-
ending attempts also serves to reduce discounts.[ﬂ The contractual solution we propose
is therefore consistent with the observed rapid increase in closed-end private debt funds
(Cai and Haque, 2024)—as long as there is a credible threat of open-ending these funds in
response to rent-seeking. Private debt funds typically invest in opaque firms and maintain

close relationships with firm management (Aldasoro and Doerr} 2025). The opacity and

19The finding that demandable claims appear to discipline fund managers is consistent with both|Calomiris
and Kahn (1991) and Diamond and Rajan| (2000, |2001). At the same time, the implementation through a
(floating NAV) open-end fund rather than through deposit-like claims is inconsistent with their solution.

20 An alternative explanation is that open-ending generates a liquidity premium that manifests as a reduc-
tion in the discount to NAV. However, this explanation cannot explain why the threat of future open-ending
typically induces management to act in the shareholders’ interest—even if the fund eventually remains
closed-ended.
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relationship-intensive nature of these investments underscore the central role of information

in this context, making our framework particularly applicable.

Extensions. In Appendix [B] we present several extensions of our baseline model and
show the general robustness of contract C*. We first augment the model to include multiple
rounds of renegotiations. We then consider state-contingent loan collection skills. Finally,
we suppose that the state is unobservable unless the bank is monitored. In all cases, the

main results remain applicable.

4 Deposits

Diamond and Rajan| (2000, 2001) propose that the intermediary should issue deposits (pos-
sibly with some capital buffers) as a solution to the hold-up problem. To understand how
and why our contract C* improves upon deposits, we need to carefully study the properties
of the deposit contract. First, we derive the possible equilibrium outcomes under the deposit
contract. We then provide a simple example illustrating how the deposit contract prevents
rent seeking but exposes the intermediary to costly runs. Finally, we compare the deposit

contract to the contract C*.

4.1 The deposit contract

Suppose the intermediary 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 d = D/N. Depositors can
demand to be repaid at every instant, withdrawing shares of the loan portfolio with a market
value of d. 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 intermediary runs out of assets.

Diamond and Rajan (2001) shows that deposits cannot be renegotiated down, as each
investor faces strict incentives to withdraw their claim at full face value when the interme-
diary offers anything less. This prevents renegotiations in good states at date 2, which the
intermediary finds desirable at date 1. However, it also prevents renegotiations in bad states

at date 2, leading to runs if the intermediary cannot repay all depositors. This is precisely
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why Diamond and Rajan (2000) argue that capital should act as a buffer when the loan
portfolio is sufficiently risky.

So, suppose the intermediary has issued a non-demandable claim with an arbitrarily large
face value. As Diamond and Rajan| (2000), we interpret this claim as capital. Demand de-
posits are senior to capital. Only once depositors have been made whole can the intermediary
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 /]

As|Diamond and Rajan| (2000, 2001), we focus on symmetric renegotiations with deposi-
tors when proving our next proposition. That is, we insist that each depositor is offered the
same repayment. This is purely for simplicity and without loss of generality, and we consider
asymmetric renegotiation offers in the illustration of the result in the following subsection.

The main results of this section are then summarized in Proposition [, which states the
following. 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 intermediary can always
fully repay all those who withdraw. In intermediate states, runs may but need not occur.
The loan portfolio is thus #lliquid for any level of D since the intermediary cannot promise

to always repay what she can collect.

Proposition 2. The 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 Bx(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 intermediary collects x(0)
from the loan portfolio and repays a total of D to the depositors and f(x(0) — D) to

the capital investor.

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

21Equivalently, we can interpret this claim as long-term debt: the long-term debt investor can seize shares
of the loan portfolio if the intermediary defaults and only up to the amount that ensures full repayment of
deposits.
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The proof is in Appendix [D| The intuition is as follows. If the loan portfolio’s cash flows
are so low that not all depositors can expect to be repaid in full, then each depositor finds
it optimal to run on the bank. If only a few other depositors withdraw, then the running
depositor is made whole. If many other depositors withdraw, then not running yields a zero
payoff. Running on the other hand 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.

If the loan portfolio’s cash flows are high enough, then no run occurs in any equilibrium.
Even if all other depositors run, the intermediary still has enough shares of the loan portfolio
remaining to repay an individual depositor in full, thus convincing him not to run. The run
equilibrium unravels. While the intermediary can prevent a run, she cannot renegotiate
down any depositor’s claim: each depositor withdraws at face value should the intermediary
try to do so. Issuing deposits thus allows the intermediary 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 intermediary threaten to with-
draw her human capital—can seize assets as long as the depositors’ claims are repaid in full.
The capital investor can thus generate (xz(f) — D) by seizing assets and optimally accepts
any weakly larger offer. The intermediary, therefore, offers to collect the loans also on behalf
of the capital investor but to retain the remaining information rents (1 — 3)(z(6) — D) for
herself. The investor accepts. In sum, the intermediary collects the loans in full, depositors
are repaid at face value, and the capital investor’s claim is partially renegotiated down.

However, 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 intermedi-
ary has more demandable claims outstanding than the market value of its loans. Indeed,
the intermediary can generate sufficient resources to convince an individual depositor not to
withdraw if all other depositors also do not withdraw. As in the previous case, the inter-
mediary collects the loans in full and repays all depositors but renegotiates with the capital
investor. However, if all other depositors withdraw, the intermediary 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 ser-
viced ahead of other depositors and getting repaid in full. Anticipating a run, it is therefore
individually rational for each depositor to run on the bank.

We stress that the intermediary cannot improve outcomes by including a withdrawal
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fee in the demand deposit contract. If the fee is infinitesimal, it does not prevent runs, as
depositors strictly (rather than weakly) prefer running. Indeed, not running during a run
yields a payoff of zero, whereas the expected repayment from also running is strictly positive
since the depositor may be repaid in full given sequential service. On the other hand, a
substantial withdrawal fee may prevent panic runs but allows the intermediary to seek rents
ex-post.

Furthermore, the intermediary cannot eliminate panic runs by replacing old with new
depositors. For this scheme to work, the intermediary must refinance from multiple new
depositors. If the intermediary replaces all depositors with only one investor, this investor
is equivalent to a capital investor and will therefore be subject to the intermediary’s rent-
seeking. With multiple investors needed, panic 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.

Finally, panic runs continue to plague deposits even if agents could contract on the state of
the economy 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. In other words,

state-contingency does not rule out coordination failures.

4.2 An illustration

We now illustrate the result of Proposition |2l Suppose that on date 1, the intermediary bor-
rows from two investors (henceforth, the depositors) via a deposit contract. Each depositor
is promised a repayment of d = z/2 on date 2 for a total repayment of z. For this example,
we set %% < B < 1 for simplicity. This implies that a depositor who unilaterally rejects the
intermedgary’s offer and seizes assets recovers his claim d in full in every state, which holds
true more generally as long as the number of depositors is sufficiently large.

Assume the state of the economy 6 is such that the loan portfolio generates cash flows of
2(#) = x should the intermediary collect on behalf of the depositors. Denote by d(z) and
Jg(x) the intermediary’s renegotiation offer to depositors 1 and 2, respectively. The payoff
matrix is given in Table [4]

If both depositors accept the intermediary’s offer, depositor 1 achieves a payoff of czl(x)
and depositor 2 achieves a payoff of czg(x) If one depositor accepts and the other rejects,
the one rejecting seizes assets with a market value of d. This requires seizing a portion 6%

of the loan portfolio. At the same time, the one accepting achieves a payoff corresponding
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Depositor 2 accepts Depositor 2 rejects

Depositor 1 accepts cfl(:z:), CZQ(x) min {021 (z), (1 — ﬁ%)}, d

Depositor 1 rejects d, min {Jg(m),x(l — 6%)} %Bx, %Bm

Table 4: Depositor payoffs given the intermediary’s offer.

to the accepted offer or, if smaller, the amount the intermediary can collect from the loan
portfolio, z(1 — ﬂ%)

If both depositors reject the intermediary’s offer, since fx < 7 for all € [z,T], it is
not possible for both depositors to recover their deposit in full. Sequential service implies
that each depositor is made whole and achieves a payoff of d with probability %; with the
same probability, the payoff corresponds to the market value of the bank’s remaining assets,
Bx(1 — 5%) Each depositor’s expected payoff if both reject therefore equals half the market
value of the bank’s assets, %‘T

We now describe the equilibria induced by different intermediary offers d, (z), dy(z) given
that the intermediary has initially issued deposits with face value d = /2.

Straightforward algebraic manipulation reveals that x(1 — 5%) < ’%x for every z € [z,T].
This has two implications. First, rejecting is a best response if the other depositor rejects.
Second, each depositor i has a strictly dominant strategy to reject the intermediary’s offer
whenever ch(:z:) < d. As a consequence, any such offer induces a unique equilibrium in which
both depositors reject. Since feasibility requires that dy(z) + da(z) < z, the unique equilib-
rium outcome has both depositors rejecting and features disintermediation whenever z < 7.
Taken together, the intermediary not only cannot seek rents but is also disintermediated

whenever asset values fall below the sum of the face value of deposits (z < 2d).

Depositor 2 accepts Depositor 1 rejects

Depositor 1 accepts 2.5 T — %7 z
Depositor 1 rejects 37— 35 br oz

Table 5: Depositor payoffs when the intermediary does not seek rents.

Next, suppose that z(f) = T, which implies that the cash flows are sufficiently high
to repay depositors in full. Suppose that the intermediary does not seek rents: Jz(x) =d
for both depositors ¢ € {1,2}. Table [5[ shows the resulting payoff matrix. The game has
two equilibria, both in pure strategies. In the first equilibrium, both depositors accept. The

second equilibrium is the panic run equilibrium in which both depositors reject. Importantly,
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z

35 < %, each depositor

this panic run equilibrium is not supported by indifferences: since z—

strictly prefers to reject when the other depositor does so.

4.3 Contrasting the deposit contract and C*

We conclude this section by contrasting the two contracts, which differ in their renegotiation

flexibility and the “orderliness” in which investors (or depositors) demand repayment.

Renegotiation flexibility. If the intermediary’s assets carry fundamental risk, then some
renegotiations will be desirable. Indeed, insufficient renegotiations prevent necessary adjust-
ments of contractual terms to the (unverifiable) state of the economy. At the same time,
excessive renegotiations imply rent-seeking on the part of the intermediary, which reduces
the collateral value of the bank’s assets.

Deposits are fully renegotiation-proof. Their fixed face values and first-come, first-served
nature imply that depositors never make any concessions. Given the rigidity of depositor
claims, the intermediary cannot possibly seek rents from depositors but must also live with
the possibility of fundamental runs in bad states of the world. Capital holders, on the other
hand, cannot run on the bank but are renegotiated down excessively. Combining the two
claims—one with no concessions and the other with too many concessions—can never achieve
the optimal degree of renegotiations: either there is too much of it, or too little.

In contrast, contract C* is designed to attain the optimal degree of renegotiation. It
naturally accommodates fundamental risk because investors have the right to seize shares
of assets, not assets at a given face value. This ensures that the contact is not too rigid
and smoothly absorbs the fundamental risk of the intermediary’s assets. At the same time,
as explained in Section [3.3] all attempts by the intermediary at renegotiations beyond ad-
justments to the state of the economy (rent seeking) would not succeed but instead trigger

disintermediation.

Orderliness of withdrawals. Under the deposit contract, withdrawing depositors are
serviced sequentially in a randomly determined order. Runs therefore allocate assets to
depositors who manage to withdraw earlier than other depositors due to sheer luck. Con-
sequently, they are treated heterogeneously during a run despite holding ex-ante identical
claims and having ex-post identical preferences. Thus, depositors withdraw in a ‘disorderly

fashion,” which leaves the bank susceptible to panic runs even in the best state. The inter-
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mediary can reduce the run risk by issuing fewer deposits and more capital, yet more capital
inevitably leads to more ex-post rent-seeking from the capital investor.

This trade-off is not present under the contract C*. The key difference is that contract C*
treats investors according to pre-specified rules, which, unlike sequential service, do not lead
to a collective action problem. In particular, C* prioritizes the senior investor’s claim, who
is serviced first when multiple investors request to withdraw. Therefore, investors withdraw
in an ‘orderly fashion.” Since junior investors have no hope of outrunning senior investors,

the panic run equilibrium unravels.

5 Safety, monitoring, and government guarantees

We have shown that deposits are not the optimal solution to the hold-up problem. Yet,
their widespread use in practice suggests that other frictions may be at play—factors that
effectively make deposits an attractive feature of financial intermediaries. In this section, we
explore several possible explanations.

First, investors may place a high value on safety, specifically, on holding claims that
shield them from economic volatility as much as possible. However, we demonstrate that
this cannot fully explain the use of deposits, as (a minor variation of) contract C* offers
superior safety properties under relatively mild assumptions.

Second, the first-come, first-served nature of deposits may be thought to enhance moni-
toring incentives, as argued by Calomiris and Kahn (1991). Yet, we show that this too falls
short as an explanation: contract C* maintains—and in some cases, improves—monitoring
incentives.

Finally, we consider the role of government guarantees. These policies can make it pri-
vately profitable for banks to adopt fragile liability structures, thereby helping to explain

the continued prevalence of deposits despite the aforementioned inefficiencies.

5.1 Safety properties

In this section, assume the investors are risk-averse (instead of risk-neutral). Specifically, the
utility of each investor 7 is governed by some strictly increasing and strictly concave function
U; : R — R. We conduct the following thought experiment. First, we fix the deposit
contract and a generalized contract C* described below; this generalization is necessary

since the level of repayment matters when investors are risk-averse due to the curvature of
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their utility function. We then propose a natural notion of safety and use this notion to
establish that the contract C* is safer than deposits provided the number of investors is
large enough. Furthermore, we show how to engineer fully safe claims while maintaining the

desirable properties of contract C*.

Generalizing C*. The contract C* can accommodate not only any number of junior in-
vestors, but also any number of senior investors. In particular, suppose the intermediary
issues contract C* to m senior investors and N — n junior investors. Each senior investor
can seize a portion 1/n of the intermediary’s assets and has priority over all junior investors.
The priority structure among the senior investors is irrelevant: their rights to seize assets
are not mutually inconsistent. Finally, the portion of the intermediary’s assets each junior
investor can seize is the same as in Section B.1l It is not difficult to see that this amended

C* maintains the properties of the contract described above [

A notion of safety. Fix an arbitrary contract C'. The equilibrium payment for investor
i € {1,..., N} in state 6 induced by this contract will be governed a random variable Y% (#).
For example, if the contract is the deposit contract and hence features sequential service,
then investor ¢’s payoff in a given state may depend on the realized sequence according to
which depositors withdraw. Investor i’s expected payoff in state 6 is E[Y;“(0)] where the
expectation is taken with respect to the CDF of Y (6).

Definition 1. Contract C is safer than C' if for every investor i € {1,..., N}, every state

0 € ©, and every strictly increasing concave function Uy(.):
E[U:(Y20)] > E[U:(Y7(9))]. (1)

Contract C' is strictly safer than C’ if it is safer and condition 1s strict for some states.

This definition says that a contract is safer if it yields a higher expected utility to every

single investor in any state. This immediately implies that this contract also delivers higher

22Indeed, by rejecting the intermediary’s offer, each senior investor is guaranteed to seize his promised
portion 1/n of the intermediary’s assets, regardless of the actions of the others. As a result, the intermediary
cannot seek rents from the senior investors. If she seeks rents from a junior investor, this investor continues
to reject and seize assets. It then cannot be that all senior investors are repaid at the level of their outside
option; hence, the senior investors also reject and seize assets. The intermediary therefore cannot seek rents
from any investor. At the same time, if all senior investors reject, each junior investors find it optimal to
accept; if all junior investors accept, then each senior investor finds it optimal to accept. The run equilibrium
again unravels. Proposition [1| therefore continues to apply.
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utility in expectation with respect to the state. Our notion of safety is very demanding
since we deem a contract to be safer than another contract only if the former delivers higher
expected utility than the latter state-by-state and for any strictly increasing (weakly) concave
function. If that is the case, then any risk-averse expected utility maximizer would prefer
his payoff to be governed by Y;¢(6) rather than Y, (6).

With this definition in hand, we can state our next result:
Proposition 3. Suppose there are N investors and consider two contracts.
i. Deposit contract, where each depositor is promised d = T /N .
1. Contract C*, with n symmetric senior investors and N —n symmetric junior investors.

Then, if N is large enough, one can select n so that contract C* is strictly safer than the

deposit contract.

The proof is in Appendix [E] The intuition is as follows. Recall that C* can be issued to
an arbitrary number of senior investors. The first step to obtain our result is to make the
level of repayments under the two contracts comparable, which is necessary when considering
the possibility of risk-averse investors. Indeed, with N sufficiently large, we can break up
the senior and junior claims (by appropriately selecting the number of senior investors n) so
that each investor achieves an equilibrium payoff of x(6)/N by Proposition |1} This implies
that if x(6) = 7, then each investor is repaid /N, which corresponds to the face value of
deposits. Our contract therefore delivers a repayment in the best state that corresponds to
the highest possible repayment to depositors.

In all other states, the deposit contract yields lower repayments on expectation given the
fundamental runs that ensue, which force the intermediary to sell assets at a per unit price
B. Moreover, the first-come, first served feature of deposits implies that depositors are not
only repaid less on expectation, but also that they are repaid very unevenly. Indeed, some
depositors recover their claims in full whereas other depositors are repaid nothing. And even
in the best state, there are panic runs, which implies a repayment that is lower on average
and much more uneven than under contract C*. Any risk-averse investor would therefore

prefer to hold contract C* over deposits.

Engineering fully safe claims. While our optimal contract C* is safer than the deposit
contract, the investors do hold risky claims on the bank. If the purpose of banks is creating

securities used as a store of value and medium of exchange in the spirit of (Gorton and
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Pennacchi (1990) and Dang et al.| (2017), then it may be desirable that the value of these
securities does not vary at all over time.

Our contract C* is not inconsistent with this notion. Indeed, the intermediary can
engineer a fully safe claim by tranching the loan portfolio. The ‘safe tranche’ generates a
cash flow of x > 0 in every state, which corresponds to the lowest possible payoff of the loan
portfolio. The ‘risky tranche’ generates a cash flow of z(f) — x in state §. Each tranche is
financed with the contract C*. Since the safe tranche is constructed not to contain any asset
risk and since the intermediary cannot seek rents by Proposition [I] all claims on the safe
tranche are risk-free and thus guaranteed to be repaid in full.

Investors seeking a safe claim—possibly because they are more risk-averse than others
(Gershkov et al.; 2024) or because they are at an informational disadvantage about the value
of assets (Gorton and Pennacchi, [1990)—invest in the safe tranche. These investors then do
not have to absorb any asset risk. And if they are hit by a liquidity shock and wish to sell
their claims on the bank, they can do so with precise knowledge of the value of the security
they hold. Given the strength of the investors’ claims on the bank under contract C*, they
can be easily sold in financial markets (i.e., to other investors)F_gl

What if some investors want claims that are safe and can be redeemed on a first-come,
first-served basis? For example, these investors may have an urgent need to consume but
may not enjoy uninterrupted access to financial markets (Diamond and Dybvig;, |1983). Then,
as argued by |Wallace (1988), sequential service becomes a desirable design featureE]

Importantly, our contract can sustain some level of deposit issuance. The intermediary
can issue deposits with a total face value of Sz and finance the remainder with contract
C* (adjusted to ensure that depositors take priority over both the senior and the junior
investors). Depositors are then fully safe since they have priority over all other investors,
and all deposits can always be redeemed at par. Further, by Proposition I} the intermediary
cannot seek rents from any investor, including those that hold contract C*.

The last observation further serves to highlight that contract C* not only improves upon
deposits but also upon capital (or long-term debt) as a safety buffer. Indeed, suppose the

intermediary issued deposits of size Sz but financed the remainder using capital instead of our

23 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)

24The literature studying optimal contracts within the Diamond-Dybvig framework has established that
sequential service is a necessary but not sufficient condition for bank runs (see|Georgiadis-Harris et al.| (2024)
and the references therein).
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contract C*. As before, runs will not occur since the bank is not illiquid (i.e., all depositors
can always be repaid at par). However, by Proposition 2| such a contract would lead to

significant rent-seeking since the intermediary will renegotiate down the capital investor.

5.2 Monitoring incentives

Calomiris and Kahn| (1991) put forth an influential argument in favor of deposit-financing.
Namely, the first-come, first-served nature of deposits incentivizes investors to monitor and
allows them to disintermediate the intermediary if it is in their best interest. We now explain
this logic in more detail and argue that our contract C* is perfectly consistent with it.

In our baseline framework, disintermediation under the optimal contract has been an off-
equilibrium threat that deters the intermediary from seeking rents. To capture the notion
of monitoring, we can modify the model so that disintermediating the intermediary becomes
part of the optimal ex-ante funding arrangement. Suppose, for simplicity, that there are
only two states: good and bad. Assume now that when the state is bad, the investors can
collect a higher repayment by disintermediating the intermediary. In Calomiris and Kahn
(1991)), this scenario arises because the intermediary absconds with a share of assets when
left in charge. Disintermediation then prevents a “crime in progress.” In our setup, one
could assume that the first-best use of the productive assets underlying the loan portfolio is
not with the intermediary in the bad state. Disintermediation then brings about a desirable
reallocation of productive capacities.

Sequential service is useful because if monitoring is privately costly and not all investors
are equally good at it, it allows those good at monitoring to withdraw at the first sign of
trouble. This, in turn, alerts the non-monitoring investors to also withdraw. The intermedi-
ary is disintermediated whenever she would have acted against the depositors’ best interest
(or if she is no longer the first-best user of the underlying productive assets). Importantly,
since the first depositors to withdraw are repaid in full, they are rewarded for their vigilance.
This contrasts with a rationing rule under which all bank creditors are repaid equally when
the intermediary is disintermediated. Such an arrangement leads to a free rider problem
since monitoring gains are equally shared among monitors and non-monitors.

The key insight from the above discussion is that overcoming the free-rider problem as-
sociated with monitoring requires prioritizing the monitoring investors’ claims. The optimal
contract must also feature demandability to facilitate the disintermediation of the inter-

mediary. Our contract C* exhibits exactly these features. The senior investor has strong
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incentives to monitor the intermediary since monitoring gains do not spill over to the junior
investors, which addresses the free-rider problem. At the same time, he has the ability to
disintermediate the intermediary in the bad state.

Moreover, our contract improves upon the deposit contract in two important dimensions.
First, as in the baseline model, it does not admit panic runs when disintermediating the
intermediary is not in the best interest of depositors (i.e., in the good state). Second, the
first-come, first-served feature of deposits can also trigger preemptive runs by uninformed de-
positors (Chen, 1999). Specifically, the monitoring depositors are the first to withdraw in the
bad state when the bank cannot repay all depositors in full, leaving non-monitoring depos-
itors with whatever is left. To address this informational disadvantage, the non-monitoring
depositors 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 to the monitors.
The monitoring depositors recognize that and, due to sequential service, also run on the
bank even if their signal is good. Preemptive runs can thus lead to the failure of healthy
banks.

In contrast, under contract C*, the non-monitors can never ‘outrun’ the monitors since
the latter hold the senior claims by design. The preemptive run equilibrium in the spirit of
Chen| (1999) unravels.

5.8  Government guarantees

We now offer deposit insurance (more generally, government guarantees) as one rationale for
deposit financing. Government guarantees generate moral hazard, pushing financial inter-
mediaries to issue run-prone liabilities. Suppose the intermediary issues a deposit contract
with a total face value of D == to N € N depositors. Each depositor holds a claim with
face value d = T/N. There is no capital investor, for simplicity. Our notion of deposit
insurance is deliberately simple. When borrowing Z units from investors using deposits, the
intermediary can sign up for deposit insurance at price k € R, at time 1. Deposit insurance
is partial: the deposit insurance facility only covers ¢ € (0, d) in case of default. Importantly,
deposit insurance payments are issued directly to the depositors at the end of the game, and

so after the loans have been collected P

25The notion of deposit insurance in our model is consistent with the structure of deposit insurance in
practice.
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Proposition 4. If T — k > E[z(0)], then there exists a threshold level ¢ € (0,d) such that

the intermediary strictly prefers issuing deposits to issuing contract C* if ¢ > c.

The proof is in Appendix [F] The intuition is as follows. With partial deposit insurance,
the properties of the deposit contract as outlined in Proposition [2| remain intact. First,
since deposit insurance is partial, the intermediary cannot seek rents ex-post. The reason
is that it continues to be a strictly dominant strategy to reject whenever the intermediary
tries to renegotiate down the depositors’ claims. If only a few other depositors reject, the
depositor’s claim is repaid in full for sure; accepting reduces the depositor’s claim directly. If
many other depositors reject, then the depositor’s claim is repaid in full with strictly positive
probability; this is preferred to accepting and thus receiving at most the partial insurance
payment with probability 1. Hence, deposits remain renegotiation-proof even with partial
deposit insurance, and the ‘disciplining mechanism’ remains in operation. Second, whenever
x(f) < T, there are fundamental runs as rejecting is again a strictly dominant strategy for
each depositor for the same reasons as above. Third, since D > (7, the deposit contract is
subject to panic runs even in the best possible state.

So why is issuing deposits more profitable for the intermediary than issuing contract C*,
even though the intermediary is expected to repay less out of the loan portfolio, given the
possibility of fundamental and panic runs? The reason is simple: the government absorbs
some of the asset risk at a price that is ‘too cheap’ since the bank benefits from a deposit
insurance subsidy. This contrasts with contract C*, which is not subject to government
guarantees, thus forcing the investors to bear the full asset risk and price their claims ac-
cordingly. Hence, if the level of insurance coverage is sufficiently high relative to the cost
of deposit insurance, the bank prefers to finance with deposits rather than with C*. We
therefore identify this policy as one potential explanation for deposit financing within our
framework. This finding is in line with previous work, which finds that financial intermedi-
aries adjust their capital structure to exploit the government’s safety net (see, e.g., Kareken
(1985))).

Moving beyond explicit guarantees, the policy described can be reinterpreted as deposit
insurance (or bailouts) extended after bank failure. In particular, the partial coverage ratio
c¢/d can be interpreted as the probability that depositors are bailed out and repaid in full
by the government after the intermediary has been disintermediated. Since implicit guar-
antees have a zero ex-ante cost to intermediaries by their very nature, the first condition
in Proposition 4] is met by definition. Issuing deposits is strictly preferred to issuing C* if
the bailout probability is sufficiently high. Since banks could in principle use C* but choose
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not to, fragility may be an undesirable side effect of government interventions—as opposed
to an undesired but necessary disadvantage of financial intermediation. Our findings thus
align with the literature, arguing that government bailouts distort banks’ incentives and lead
them to adopt a fragile liability structure (see, e.g., |[Keister| (2016]) and Keister and Mitkov
(2023))).

Finally, our discussion focuses on deposits, but the lessons are broader and apply to other
institutions that issue runnable liabilities, including money market funds, short-term repo
financing, and asset-backed commercial paper. Runs on these asset classes played a crucial
role in the Global Financial Crisis of 2007-2009. All of these institutions were ultimately
supported through various forms of government intervention. According to our model, their
fragility is not a solution to the hold-up problem but rather arises because of government

guarantees.

6 Conclusion

Why do commercial banks rely heavily on deposits that expose them to runs? According
to Diamond and Rajan| (2000, 2001), the run-prone structure of financial intermediaries
arises as a solution to the hold-up problem identified by Hart and Moore, (1994) and is thus
essential for the efficient allocation of credit in the economy. We demonstrate how financial
institutions can address the hold-up problem without exposing themselves to runs. First,
our proposed financial intermediation arrangement ensures that the parties renegotiate only
when necessary to absorb fundamental asset losses and avert coordination failures. Second,
our solution to the hold-up problem has superior safety properties compared to deposits and
does not undermine incentives to monitor. Third, our contract can be implemented through
an open-end fund, and we discuss empirical support for the underlying mechanisms. Finally,
we show that financial institutions may be deterred from adopting such an arrangement
due to (both explicit and implicit) government guarantees incentivizing excessive reliance on

demand deposits.
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Appendix

A 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 intermediary issues a loan to finance productive investment.
Looking ahead, the outcome of the model is that the investors collect the loan directly from
the entrepreneur if the intermediary is disintermediated. It, therefore, remains optimal for
the intermediary 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.

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
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not work, it generates zero cash flows. A relationship lender (the intermediary) 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(6) < ¢(6) at date 2. Finally,
there are many other investors, each of whom can liquidate the project’s assets to generate
returns fz(0), with 5 € (0,1). Neither entrepreneur nor intermediary can commit their
future human capital (but both can commit it in a given period). The state  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 intermediary 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.
Alternatively, the intermediary borrows from the investors on date 0 since she lacks sufficient
funds to finance the entrepreneur. The intermediary’s precise motivation to borrow is unim-
portant, and the model’s insights are unchanged. The state 6 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(0)] > 1.
However, if the loan to the entrepreneur is illiquid and the intermediary experiences the
liquidity shock with a sufficiently high probability, then the entrepreneur cannot obtain
financing if SE[z(0)] < 1.

Intermediary issues loan to the entrepreneur State 6 is realized
| [ [ ]
I ® ® ] ® ] ° = |
Date 0 / Date 1 / Date 2 /
Entrepreneur invests Intermediary may suffer liquidity shock Renegotiation game

and borrow from investors

Figure 3: Timeline of events in the full framework.

Renegotiation. After the state 6 is realized, the intermediary, the investors, and the
entrepreneur play the enhanced renegotiation game. As before, the intermediary moves first

by offering a repayment to the investors. If the investors accept this offer, the intermediary
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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 intermediary 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 intermediary and entrepreneur
make take-it-or-leave-it offers to the investors, and the entrepreneur makes take-it-or-leave-it
offers to the intermediary. (Again, this is without loss of generality.) Figure {4|illustrates the

enhanced renegotiation game 9]

Mapping to our framework. Once investors have seized assets, the outcome of the rene-
gotiation game is the following. Since the investors can only generate Sx(6) when liquidating
a unit of the project’s assets, the intermediary offers Sz () 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 Sz (6). The investors cannot do better by rejecting
this offer and thus accept. From here, it follows that—as in our main analysis—investors
only collect a share 8 of the potential cash flows after the intermediary has been disinter-
mediated. Furthermore, the intermediary is not rehired after disintermediation, implying a
zero payoff. Finally, when the intermediary collects the loan, the entrepreneur offers z(#).
Since the intermediary cannot do better by 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.

B Extensions

B.1  Multi-period renegotiations

Our baseline renegotiation game has one stage on date 2: the intermediary moves first by
making an offer, and the investors move second, each deciding whether to accept or reject.

We now outline how the baseline setup can be extended to an arbitrary number of stages on

26We 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 intermediary only facilitates the transfer
of resources from one agent to another.
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Financial intermediary (F) offers repayment to investors (Is)

Is accep/ \m]ect and seize assets

F collects loan from entrepreneur (E E offers repayment to Is

and repays Is
Is ac(/ \]SI’eJeCt

Is collect loan from E F offers repayment to Is

Is ac(/ \]sre‘]eCt

F'is rehired, collects loan from F .
Is liquidate assets
and repays Is

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

date 2. For simplicity and without loss of generality, we set 5 € [%, 1). By our discussion in
Section [3.2] this allows us to focus on two investors when considering contract C*.

As before, the state 6 is realized at the start of date 2. The renegotiation game then
features K € N stages. At the start of stage k € {1,..., K}, the intermediary moves first
by unilaterally proposing a new contract. The intermediary can also propose to keep the
contract from the previous stage &k — 1 in place. If £ = 1, the previous contract is the one
initially agreed upon on date 1.

Each investor chooses whether to accept the proposed contract or to reject it and, if this

right was specified by the previous contract, seize assets. The previous contract also deter-
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mines the rationing rule in case the investors’ claims to seize assets are mutually inconsistent.
Therefore, the intermediary can, in principle, be disintermediated at any stage. In this case,
she exits the game with a zero payoff.

The equilibrium is found recursively. Suppose that the state is such that the loan portfolio
generates a cash flow of x if the intermediary deploys her specific loan-collection skills.
Consider the final stage of the renegotiation game K. Suppose that the intermediary has not
been disintermediated, and that investors hold contract C* at the beginning of the stage. By
Proposition [T}, the unique outcome then features the intermediary avoiding disintermediation
and repaying the full cash flow of the loan portfolio. The senior investor achieves a payoff of
pzx, the junior investor achieves a payoff of (1 — )x.

Consider then the penultimate stage K — 1. Suppose again the intermediary has not
been disintermediated, and the investors hold contract C* at the beginning of stage K — 1.
Recall that the investors can seize assets under contract C*. The senior investor can always
obtain a payoff of Sz by rejecting. At the same time, the junior investor achieves a payoff of
(1 — B)z by rejecting if the senior investor accepts (and a payoff of zero if the senior investor
rejects). Furthermore, the intermediary and the investors anticipate the equilibrium outcome
prevailing at stage K should contract C* remain in place at the end of stage K — 1. Hence,
if the intermediary offers contract C* at stage K — 1, both investors would accept and,
therefore, the intermediary avoids disintermediation. If the intermediary offers a different
contract that leads to a lower repayment to any given investor at stage K, then this investor
rejects the contract and seizes assets. In perfect analogy to the analysis in Section [3.2] the
intermediary would then be disintermediated by the senior investor. Hence, the intermediary
maximizes her payoff by keeping C* in place.

Pushing this argument to the initial stage k = 1, the intermediary finds it optimal to
offer C* at each stage of the renegotiation game, which is accepted. She is therefore not
disintermediated in any stage and repays the full cash flow at the end of date 2. Thus, she
finds it optimal to issue C* already at date 1.@

2"This setup can also accommodate liquidity shocks on the part of the investors. An investor with an
urgent need to consume before the conclusion of the current stage can sell his claim (or have the intermediary
sell it on his behalf) to an outside investor. The outside investor pays the full price for the claim since everyone
recognizes that the intermediary offers C* at each stage of the renegotiation game and thus refrains from
seeking rents.
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B.2  State-contingent loan collection skills

We assumed in the baseline model that the bank’s superior loan collection skills captured by
B € (0,1) were fixed. At the same time, the optimal contract in Section [3| directly depends
on (3 through the portion of the intermediary’s assets each junior investor can seize. Here,
we show that our results apply even if 3 varies with the state of the economy. So, assume
B(0) is a random variable with support in (0,1) and CDF that depends on the state of the
economyF_g] With a slight abuse of notation, let 8 also denote the realization. We now discuss

two different cases: [ is verifiable, or it is not verifiable.

Observable and verifiable 5. Assume that (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 that repays one unit at date 2. Therefore, it is not
unreasonable to believe that [ is verifiable. In this case, our results from Section (3| apply

verbatim.

Observable but not verifiable 5. The more interesting case is when f is observable but
not verifiable, implying that the initial contract cannot be contingent on the realized value
of 8(6). To simplify, we restrict the domain of 3(6) to the interval [, 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.

As before, the senior investor can seize a portion of s; = 1 of the intermediary’s as-
sets. 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 (3
and must unilaterally select a value of 3 from the interval [%, 1). His choice is revealed to
all parties. The portion of assets the junior investor can seize is then sy = (1 — B) / /3 and the
renegotiation game begins.

The junior investor recognizes that the selected value of § affects the behavior of the
senior investor and the intermediary in the resulting renegotiation game. Suppose the junior
investor selects the correct value 3 = 8. 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

28 Assuming that investors can collect a (random) proportion 8(#) € (0,1) of what the intermediary can
collect is without loss of generality. Indeed, suppose that investors can collect some y(0) € (0, z(6)). Defining
B(0) = y(0)/x(0) then recovers the proportionality.
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show that any other choice of § leads to a strictly lower payoff for the junior investor.

Specifically, recall that the junior investor achieves a payoff of zero whenever the senior
investor rejects. Moreover, the senior investor will not accept unless the junior investor
accepts (see the illustration in Section or Lemma (1| in Appendix . Suppose the junior
investor selects 3 < . The senior investor will not accept unless offered at least Sz since
he can always reject, seize all assets, and get Sz. Hence, the junior investor can be offered
at most (1 — B)x when the senior investor accepts. But then the junior investor’s rejection
payoff is (1 — B)x, which is greater than (1 — 5)z. Therefore, the intermediary cannot get
both investors to accept, implying that the junior investor achieves a zero payoff. Second,
suppose the junior investor selects 5 > 3. Then, the junior investor’s payoff is less than
(1 — f)z. Indeed, by rejecting the junior investor, it achieves a payoff bound from above by
(1 — B)z < (1 — B)z. Hence, the intermediary offers Sz to the senior investor and less than
(1 — B)x to the junior investor, which both accept.

Thus, if § < S, the junior investor is penalized by the senior investor; if 5 > B, he is
penalized by the intermediary. Hence, the junior investor sets 3 to the realized value of
B. A natural interpretation is that the junior investor voluntarily bails in. Also, the junior
investor must select 5—not the intermediary or senior investor. The intermediary will select
3 > [ since this allows her to repay less than (1 — B)x to the junior investor and thus
earn rents ex-post. Similarly, the senior investor has no incentive to select the correct value
of 8 since his equilibrium payoff is always at least Sx, 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 — f3).

Finally, suppose there are multiple junior investors. This is necessary if the lower bound
of the support for [ is less than % For example, suppose 5 € (01, #2) 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
# 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 intermediary to seek rents; selecting a level that is too low induces the senior

investor to seize all assets. Setting {3 to the realization § prevents both.
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B.3 Unobservable state

The investors perfectly observe the state € in our baseline model. Suppose now that the
state is initially unobservable. Further, assume that monitoring reveals the state perfectly
but incurs a private cost. We assume that monitoring is contractible and, for simplicity,
we only consider contracts in which at least one investor is contracted as a monitor. In
this setting, C* remains optimal with one modification: the senior investor monitors the
intermediary. As before, the intermediary cannot extract rents. Indeed, the senior investor
learns the state and must be offered a payment of at least Sz(#); otherwise, the intermediary
is disintermediated. After observing the offer to the senior investor, the junior investors infer
the state 6 and reject unless they are offered a total payment of at least (1— )z (). In other
words, the offer to the informed senior investor conveys information to the uninformed junior
investor. Thus, the only way for the intermediary not to be disintermediated is to offer 5z(9)
to the senior investor and (1 — 8)z(#) to the junior investors for a total repayment of z(6).
By Proposition [I], these offers are accepted, and the intermediary transfers the entire cash
flow to the investors. She can thus raise E[x(0)] — p by issuing C* with the senior investor
contracted as monitor, which corresponds to the highest possible value conditional on one

investor monitoring.

C  Proot of Proposition

Suppose the state of the economy is such that the loan portfolio’s cash flows are given by
z should the intermediary deploy her skills. Let B;(x) denote the intermediary’s offer to
investor . First, note that each offer (Bz(x))ivzl induces a subgame with finite players with
a finite set of 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
in which some junior investor(s) reject and the senior investor accepts. The second lemma
highlights that the intermediary is disintermediated unless she offers Sx to the senior investor
and ;;_ﬁ}:c to each junior investor. The final lemma shows that all investors accept if the
intermediary offers Sx to the senior investor and ;%f:v 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 g > b 0

17
B(n—1)’
Throughout the proof, we treat the fee for seizing assets x as strictly positive but arbitrarily
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close to zero and omit it from the notation except in the proof of Lemma

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 all other investors accept. Let S(k) denote the number of shares of the loan portfolio
held by the intermediary if k& junior investors reject and seize assets, where

S(k) = max{l — kﬁ(ln ’81), 0} .
We now rule out this candidate equilibrium by showing that at least one investor has a
strictly profitable unilateral deviation to reject.

First, suppose S(k) < . The senior investor’s payoff from accepting is bound from above
by S(k)z, and his payoff from rejecting is given by Sz. It follows that the senior has a strictly
profitable deviation to reject.

Second, suppose that S(k) > S > 3 ) Hence, each of the n — 1 — k accepting junior
investors could alternatively reject and seize their share of the assets in full to achleve a payoff
of 1= 'B CEER Consequently, each junior investor who accepts must be paid at least ( x Also,
the senior investor must be paid at least Sz since he can always seize all assets by reJectlng
and thus achieve a payoff of Sx. Hence, the total payment to the n — k investors who accept

must be no less than
1-5

Bx—i-(n—l—k)(n_l)

Z.

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)

( k15)>x>ﬁx+(n—1—k) x.

Simple algebraic manipulation reveals a contradiction if 5 € (0, 1), and hence at least one

investor faces a strictly profitable deviation to reject. The claim follows. O]

For the next lemmas, define Bj(z) = Bz and Bj(z) = *=2x for all i > 2. Thus, B;(z)
corresponds to the payoff investor ¢ can generate by rejecting the intermediary’s offer and
seizing loans if all other investors accept. Also, recall that the intermediary is disinterme-

diated if the investors seize all assets. Next, recall that the intermediary’s payoff when she
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averts disintermediation 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) < Bf(z) for some i. Then, the intermediary is disintermediated.

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

investor.

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

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

accepting goes to zero: hIT(lJ pi(k) =0.
K—>

Denote by a_; € {0, ...,n — 2} the number of junior investors other than i accepting the
intermediary’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 intermediary’s offer. Consider some junior investor ¢ who
has received an offer B;(z) < Bi(z) — k. We refer to this investor as the ‘junior investor’
for the remainder of the proof. The junior investor’s expected payoff from accepting the

intermediary’s offer is then given by
VA (k) = pi(k) [P{a,i =n —2YBy(x) + P{a_; <n —2YUA| + (1 —p(k)) -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' =)  pracngti (m),

m=0

where U7 (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
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the intermediary’s offer is given by
VE(k) = pi(r) [P{lai =n —2}(Bf(z) — k) + Pla_; <n—=2}UT — r)] + (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 _ Pla_i=m} 7R
U= ) pracnaithi (M),

m=0

where U7 (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 — (2

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 intermediary has a share S(m) of the

assets left, where

S(m) = max{l —(n—m— 1)6(171_—/81)’ 0}.

The maximum she can pay to the investors who accepted her offer is S(m)z. Recall that a
junior investor achieves a zero repayment whenever the intermediary has insufficient funds
to repay the senior investor.

If S(m) > B, then the intermediary has sufficient resources to repay Bj(x) = Sz to

the senior investor. In that case, the junior investor ¢’s payoff from accepting is at most

UA(m) = Bi(z). Recall that § > 5((1;_’3 1)) implies that the junior investor can seize his pre-
specified portion of the bank’s assets if S(m) > (§. Thus, his gross payoff from rejecting
(excluding the fee) is U (m) = B} (x). Since By(x) < B;(x), we have U (m) < UF(m).
The senior investor cannot be repaid Bj(z) = Sz if S(m) < . In that case, the junior
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 < U}
We complete the proof of Lemma [2] as follows. If the senior investor accepts with some
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positive probability p;(x) € (0, 1] in equilibrium, then the junior investor must weakly prefer
to accept as well: VA (k) > VI (k). Otherwise, he should reject the intermediary’s offer with
probability one. But then, by Lemmall] the senior investor also rejects with probability one.
Since B;(x) < Bf(z) and UA < UF for the junior investor, we have iEI})Vf(m) < ELI(I)VZ-R(K)

for all p;(x) > 0. Hence, it must be that lir% p1(k) = 0. The claim follows. O
K—>

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

equilibrium in which all investors accept.

Proof. Let Bi(z) = B (zx) for all i. Suppose all investors accept the intermediary’s offer. By
rejecting, investor ¢ gets B} (x) whereas by accepting he gets Bl(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 [I] the senior investor strictly
prefers to reject whenever at least one junior investor rejects. If the senior investor rejects,
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 Bj(x) either

way. Thus, he accepts. O

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

This completes the proof.
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D Proof of Proposition

Proof. Suppose the state 6 is such that the loan portfolio’s cash flows should the intermediary
deploy her skills is . Recall that the intermediary initially promised to repay d = % to each
depositor. After the state is realized, renegotiation opens, the intermediary promises to
repay d < d to each depositor, satisfying nd < x. If depositors accept, the portion of assets
necessary to repay them is ring-fenced. The capital investor can only seize the remaining
portion of assets and collect at rate §. Thus, conditional on all depositors accepting the
intermediary’s offer, the intermediary finds it optimal to offer to repay [B(z — nd) to the
capital investor, which he accepts.

Case 2. D<z< %. Suppose first the intermediary does not attempt to renegotiate
d = d. Since x > D, a given depositor is indifferent between accepting and rejecting if all
other depositors accept. Hence, he accepts. The depositors are paid D, the capital investor
is offered and accepts S(z — D). The intermediary acheives a payoff of (1 — §)(z — D).

To show the second equilibrium, suppose all other depositors reject. The units of the
asset remaining with the intermediary are (1 — (n — 1)5%)+ which, for n large enough, is
zero. Thus, by accepting, a given depositor achieves a zero payoff. By rejecting, he achieves
a strictly positive payoff. Indeed, the depositor is first in line with probability % and receives
d; the payoff from rejecting is therefore bound from below by % > 0. All depositors reject
and the intermediary is disintermediated. Both the intermediary and the capital investor
achieve a zero payoff.

Suppose next that the intermediary offers to repay d < d. We now show that each deposi-
tor has a strictly dominant strategy to reject, provided that n is large enough. First, suppose
k < n depositors reject the intermediary’s offer and seize assets, leaving the intermediary
with S(k) = (1 — k%)Jr units of the asset. If k is large enough, then the acceptance payoff
is zero; the rejection payoff is bound from below by k;j_l and thus strictly positive. If k is
small enough, then S(k)x > %; the rejection payoff is thus given by d which is strictly greater
than d, the upper bound to the acceptance payoff.

Consider next the intermediate level k* satisfying % > S(k*)x > 0. This implies that
if one more depositor rejects, not all rejecting depositors are made whole. Instead, every

rejecting depositor seizes assets worth S(k*)x < d with probability k—1+1 and assets worth
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d with probability kf—; Rejecting is strictly profitable if

k* 1 . .5 S(k")x
k*—i—ld + k*+155(k Jr > mm{d, n—k*}

where the right hand side is the accepted offer or the pro-rata share of cash flows if the
intermediary collects the remainder of the loans, whichever is smaller. The above inequality is
satisfied if (n—k*) > 1. Since S(k*)x > 0, we have ’B% > k*, and hence (n—k*) > n[l—%].
Since Sz < D, we have that 5(n — k*) > 1 for n large enough.

It follows that all depositors reject if d < d. The intermediary is disintermediated and
achieves a zero payoff. She therefore offers d in equilibrium to each depositor.

Case 1. © < D. The proof for Case 2 immediately implies that all depositors have
a strictly dominant strategy to reject any intermediary’s offer d < d. The result then
immediately follows from nd <z <D.

Case 3. = > %. Suppose the intermediary offers to repay d to each depositor. Suppose
k € {0,...,n — 1} depositors reject. The intermediary can fully repay the n — k depositors
who accept if S(k)x > (n — k)d. Simple algebraic manipulation reveals that this inequality
is satisfied for all k. It follows that all depositors are indifferent between accepting and
rejecting, and hence accept. The intermediary’s payoft is (1 — 5)(z — D).

Suppose next that the intermediary offers to repay d<dtom>1 depositors and exactly
d to the remaining n — m depositors. By the same logic as above, any depositor who rejects
achieves a payoff of d; hence, the m depositors reject. The remaining m — n accept. The
intermediary offers to repay S(S(m)z — (m —n)d) to the capital investor, who accepts. The
intermediary thus achieves a payoff of (1 — 3)(S(m)x — (m —n)d) < (1 — 8)(xz — D).

The intermediary therefore optimally offers to repay D to the depositors and f(x — D)
to the capital investor. All accept, and the intermediary’s payoff is (1 — 5)(z — D).

This completes the proof.
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E  Proof of Proposition

First, consider contract C*. For any state 6, we have Y, () = ﬂmT@ with probability 1 for

every senior investor i € {1,...,n} and Y, () = A=B)2) with probability 1 for every junior

(N—n)
: : : _ : Bz() _ (A=Bz(®) _ () cimpli
investor ¢ € {n+1,..., N}. Then, setting n = SN yields == = "= = 5. This implies

that for every state 6:

Y 0) = YO0 = O
N

Second, consider the deposit contract denoted by A. If z(f) = 7, then E[Y;*(9)] =
1-q¢)%+ q% < & for all depositors i € {1,..., N}, where ¢ € [0, 1] denotes the panic run
probability. The inequality is strict if ¢ > 0. If () < Z, then E[Y2(0)] = B‘TT@ for all
depositors i € {1,..., N}.

Hence, we have Y,0" () > E[Y;2(0)] for every investor and depositor i if 2(f) = T, and
Y (0) > E[Y;A(0)] for every investor and depositor i if x(f) < Z. Since U; is strictly

increasing and weakly concave, applying Jensen’s inequality we find that
EU/(Y,7(0))] = Ui(Y,7(9)) = U(E[Y2(0)]) = E[Ui(Y;2(0))],

with the first inequality strict whenever z(6) < Z. The claim follows.
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' Proof of Proposition

We begin by showing that the intermediary cannot seek rents, in analogy to the proof of
Proposition [2} Consider state 6 such that the cash flow is z(0) should the intermediary
deploy her skills. Suppose further that d < d = % That is, the intermediary is either
seeking rents or cannot offer to repay all depositors in full since z(f) < T = D.

It continues to be true that depositors have a strictly dominant strategy to reject. If the
numbers of depositors that reject k£ is so low so that the next rejecting depositor is made
whole—i.e., we have % < S(k)z(0)—then the payoff from rejecting is d. This strictly exceeds
the upper bound on the acceptance payoff d. If the number of rejecting depositors £ is high
such that S(k) = 0, then the acceptance payoff is zero whereas the rejection payoff is bound

from below by k;il > 0. Finally, if % > S(k)x(0) > 0, then rejecting is strictly profitable if

k _lf_ 1d + ’ i 7 max {BS(k)z(0),c} > min {J, max { i(f)z, c}}
The left hand side is the rejection payoff. The rejecting depositor is made whole with proba-
bility k_-IL With probability k%l, he receives either all the remaining assets or the insurance
coverage, whichever is larger. The right hand side is the acceptance payoff. Accepting depos-
itors receive a maximum payment corresponding to their new face value d, if this is feasible
after the rejections by k other depositors. If it is not feasible, then accepting depositors
receive either the pro-rata share of cash flows from the remaining loans collected by the
intermediary, or the insurance coverage, whichever is larger. It follows immediately from the
proof of Proposition [D] and from ¢ < d that the inequality is satisfied, provided n is large
enough. Hence, it is a strictly dominant strategy for depositors reject all offers d < d = %

We now determine the payoff to the intermediary from issuing the deposit contract. Let
q(0) denote the probability that a run occurs in state 6. From above, we know that ¢(6) = 1
if 2(0) < T and ¢(0) € [0,1] if () = T.

Let n(f) denote the largest integer below [z(#)/d. This corresponds to the number
of depositors which are repaid in full by the intermediary during a run in state . One
depositor may be partially repaid by the intermediary and receives a payment of fx(6) —
n(0)d, which corresponds to the value of the remaining shares of the loan portfolio after n(6)
depositors have been repaid in full. This depositor receives a deposit insurance payment
whenever fx(0) —n(0)d < c. The remaining (N —n(f) — 1) depositors are repaid zero by the

intermediary and receive the deposit insurance payment of ¢. Note that (N —n(0) — 1) >

o4



N(1—p3)—1, and hence (N —n(f) —1) > 1 if N is large.
It follows that the expected sum of loan collections and deposit insurance payments as a

function of coverage ¢, denoted by P(c), is given by

P(c) = /9 [q(@) - [n(0)d + max {Bz(0) — n(0)d,c} + (N —n(d) — 1) - ]
+ (1= (8))2(6)] a0

The intermediary therefore raises P(c) by issuing the deposit contract with insurance. Note
that P(c) is continuous and strictly increasing in ¢, with lim.,q P(c) = 7.

Recall that the expected repayment to investors under contract C* is given by E[z(6)].
Thus, the intermediary prefers issuing insured deposits if P(c) — xk > E[z(6)]. The claim
then follows from the continuity of P(c).
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