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Abstract

We explore a model in which banks strategically hold interconnected and opaque portfolios,
despite increasing the likelihood they are subject to financial crises. In our framework,
banks choose their degree of exposure to other banks to influence how investors can use
their information. In equilibrium banks choose portfolios which are neither fully opaque,
nor fully transparent. However, their portfolios are interconnected beyond what is beneficial
for diversification purposes. Banks can create a degree of opacity that decreases welfare,
and makes bank crises more likely. Our model is suggestive about the implications of asset

securitization, as well as government bailouts.
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1 Introduction

Bank interconnectedness has increased dramatically in the past few decades both in the US
and worldwide. A substantial fraction of connections are represented by overlapping portfolio
exposures across financial institutions. For instance, at its peak asset securitization alone
contributed $1.5 trillion to the increase in the interdependence of banks’ portfolios. Such
connections render the financial system inherently opaque. The lack of transparency plays a
significant role in shaping market participants’ beliefs, which have been a key ingredient in
the unfolding of the global financial crisis. But how costly is it for banks to raise funds when
investors are not able evaluate the web of interconnections between them?

In this paper we explore a model in which banks purposefully create opacity for their in-
vestors, by choosing interconnected portfolios. Even as they compete to attract investors, banks
are able to raise funds at a negative premium for holding opaque portfolios. Moreover, banks
decide on portfolio allocations which expose investors to uncertainty about banks’ counterparty
risk, and lead to an increase in the probability of banking crises. In other words, banks sow
the seeds for crises in order to boost profits while they operate.

We consider a simple three-period model with two banks and two investors. Each bank
has access to a risky investment project. A bank can decide to swap a fraction of its project
with the other bank. If banks exchange a positive share of their projects, their portfolios are
interdependent. Otherwise, their portfolios are independent.

To finance the projects, banks need to raise funds from investors. We consider an econ-
omy where banks compete to attract funds from investors by promising them a long-term debt
contract that maximizes investors’ expected payoff. However, each investor has the option to
liquidate the contract prematurely against an outside redemption value. The outside redemp-
tion value represents the investors’ reservation value, and can be interpreted as a reduced form
of secondary market liquidity in the tradition of Allen and Gale (1994), and more recently of
Dewatripont and Tirole (2018). If the investor liquidates early, the bank receives zero. If the
investor continues the contract, the bank repays him the face value of debt if the return of the
portfolio is sufficiently high. Otherwise the bank defaults. The bank is the residual claimant
on the return of the portfolio.

In this environment we consider two frictions. First, we assume that investors can use their



funds to finance only one bank. The interpretation is that each bank needs to be monitored,
as in Diamond (1984), and monitoring two banks is prohibitively expensive. This does not
precludes the banks to offer competitive debt contracts, just as in a standard Bertrand-Nash
setting studied by Matutes and Vives (1996) and estimated empirically by Egan, Hortacsu and
Matvos (2018).

Second, we consider an information friction between banks and investors. We assume that
each investor receives information that perfectly reveals the return of his bank’s project, and
it is completely uninformative about the other bank’s project. Thus, if banks swap a fraction
of their projects, the signal the investors receive is less informative about the success of their
bank’s overall portfolio. This can be, for instance, because banks specialize in lending to
different industries and investors learn about their bank’s industry, in the spirit of rational
inattention. While empirical work on how much information investors decide to process is
limited, evidence from international financial markets suggests that agents do indeed allocate
more attention to countries whose assets make up a greater share of their portfolios (Mondria,
Wu, and Zhang, 2010). Based on the information they receive, investors can decide to liquidate
their debt contract before it matures, leading to a financial crisis. The degree of opacity of the
financial system is then given by the degree of interconnectedness of banks’ portfolios.

Our main focus is on whether banks choose opaque portfolios, whether opacity is an efficient
outcome, and what it implies about the frequency of financial crises.

We obtain three sets of results. The first set of results characterizes the portfolio allocation
that banks hold in equilibrium and the implications for welfare. Our main finding is that
banks often hold inefficiently opaque portfolios.! In particular, we show that in equilibrium,
an intermediate level of opacity typically dominates both full transparency, as well complete
opacity. In addition, we find that in equilibrium portfolio allocations are welfare reducing,
unless investors’ early redemption option is either too low or too high. We argue that unlike
the traditional view on securitization, which suggests that banks sell securitized assets to
benefit from an existing informational asymmetry they have relative to the investors, in our
model banks exchange assets as a tool to create information asymmetry. By holding opaque

portfolios banks can tilt the division of surplus in their own favor and capture rents, although

!Jiang, Levine and Lin (2016) document that an intensification in competition reduces bank opacity. Note
however that in our model we take as given that banks compete to attract funds and we do not provide predictions
whether decreasing the level of competition would increase opacity.



this can impose net welfare losses.

The second set of results describes the implications for financial crises. Surprisingly, we find
that banks choose a portfolio allocation that, at times, increases the likelihood of a financial
crisis. Importantly, financial crises do not arise via the typical contagion mechanism. In fact,
there is no contagion between banks in our model. Instead, financial crises arise as banks are
liquidated early when investors terminate their debt contract prematurely. The mechanism
that induces banks to choose a portfolio allocation which amplifies the likelihood of a financial
crisis is solely due to opacity. When investors have incomplete information, the investors’
liquidation decision is not precise. In particular, the investors can liquidate their bank in some
states in which the bank would not default. The banks seek to exploit investors’ information
disadvantage to obtain a higher payoff albeit in fewer states of the world.

In the third set of results we emphasize the role of opacity by analyzing the benchmark
in which investors have full information about both banks’ project returns. Analyzing this
case allows us to show that banks have interconnected portfolios beyond what is beneficial for
diversification purposes, deliberately creating opacity for their investors. While even in the full
information set-up, banks portfolio allocations can be inefficient, the implications for financial
crisis are markedly different. Since investors are perfectly informed, they choose to liquidate
early only if the bank cannot repay the promised debt contract. As a result, banks cannot
benefit from financial crises, and they occur in equilibrium less often than it would be the
case if portfolio allocation were optimal. This is in contrast with an economy with imperfect

information where the probability of financial crisis can be higher in equilibrium.

Related Literature. This paper relates to several strands of literature. The most rele-
vant studies are those on the opacity of banks, interconnections in the banking system and
securitization.

It is well acknowledged that the banking system is opaque (see, e.g., Morgan, 2002; Flan-
nery, Kwan and Nimalendran, 2013). The financial crisis of 2007-2008 emphasized the opacity
of the financial system and prompted a line of research focused on the role of policies that im-
prove transparency. Bouvard, Chaigneau, and de Motta (2015), Alvarez and Barlevy (2015),
Goldstein and Leitner (2018), and Orlov, Zryumov, and Skrzypacz (2018) provide models that

study the costs and benefits of disclosing bank-specific information. They show that increasing



transparency is generally beneficial during financial crisis, but has ambiguous effects in normal
economic times. A different perspective is provided by Dang, Gorton, Holmstrom and Ordonez
(2017) who argue that banks need to be opaque to facilitate risk sharing. These papers take
the degree of opacity in the banking system as given. In contrast, in our model the degree of
opacity is endogenously determined by banks’ portfolio choices. While we show that banks are
indeed opaque in equilibrium, opacity is usually associated with welfare losses.

Recently, a few papers have explored the issue of endogenous information production in
the context of financial markets. In Glode, Opp and Zhang (2018) and in Asriyan, Foarta and
Vanasco (2018) agents who choose how much information to disclose forego informational rents
to ensure that trade does not break down. Azarmsa and Cong (2018) explore how competition
between financiers affects the incentives of an entrepreneur to produce information. These
papers do not address the role of endogenous opacity in banking crises, which is one of our
main interests of analysis.

In our model, opacity is a result of interconnections between banks. The literature on
bank linkages is rapidly growing, not surprisingly given the prominence of interconnectedness
in the US financial system and its role during the last financial crisis. The papers that are
more related to ours study interconnections that arise when banks have overlapping portfolio
exposures. These papers are focused on understanding whether common exposures between
banks’ portfolios can amplify systemic risk. For instance, Shaffer (1994), Wagner (2010) and
Ibragimov, Jaffee and Walden (2010) show that diversification is beneficial for each bank indi-
vidually, but it can lead to greater systemic risk as banks’ investments become more similar.
Adrian and Brunnermeir (2016) propose a measure of systemic risk based on co-movement of
financial institutions’ assets and liabilities. However, with the exception of Allen, Babus and
Carletti (2012), information is not central to the mechanism explored in these papers. Even in
Allen et al. (2012) banks do not choose explicitly how opaque they want to be, even though
linkages between them are endogenous. In addition, in that model banks have market power
relative to investors. Instead, we assume that investors do not just break even, but are able to
extract rents from the banks.

Interconnections between banks in our set-up arise as banks exchange a fraction of their
portfolio. While this can be interpreted as banks securitizing assets, our mechanism has differ-

ences with the one which securitization relies on. In particular, when securitizing, the originator



signals the quality of the project by retaining a fraction on its balance-sheet (DeMarzo, 2004;
Duffie, 2008; Chemla and Hennessy, 2014; Vanasco, 2017). This channel is absent from our
model. Instead, our paper highlights an important adverse consequence of securitization gen-
erally overlooked in the literature: by securitizing assets, banks deliberately produce opaque
portfolios to capture informational rents, although this can increase the probability of banking
crises.

The rest of the paper is organized as follows. In section 2 we introduce the model set-up,
and we explain how we solve for equilibrium, as well as for the optimal portfolio allocation.
Our main results are presented in Section 3. In Section 4 we introduce the full information

benchmark to highlight the role of opacity. Section 5 concludes.

2 The Model

2.1 The Model Set-Up

Consider a three-period (t = 0, 1,2) economy with two risk-neutral banks, denoted by i = 1,2,
and two risk-neutral investors, denoted by I = 1,2. At date 0, each bank 7 has access to a risky
investment project that returns R; at date 2. For each bank ¢, the return R; is an independent
draw from a uniform probability distribution G (-), with support [0, 1]. Each investment project
represents loans to a continuum of firms that have perfectly correlated risks. Each investor [
is endowed with funds. To invest in the project, bank ¢ raises funds from investor I.

Banks choose whether to exchange a fraction of their project. In particular, a bank 4,
chosen at random, proposes to exchange a fraction (1 — ¢) of her project for a fraction (1 — ¢)
of bank j’s project. Bank j can accept or reject. If she rejects, no exchange takes place. If she

accepts, bank i’s portfolio is

Vi(¢) = oRi + (1 — ¢) R,

while bank j’s portfolio is

Vi(¢) = ¢R; + (1 - ¢) Ri.

In exchange for borrowing funds from the investor, each bank issues a debt contract with

face value D that matures at date 2.2 The face value of debt is set to maximize the investor’s

?Banks are symmetric, thus debt contract each issues is the same (D; = D; = D).



expected surplus, given that he lends all his funds.

At date 1, a signal perfectly reveals the return R; of the project of each bank i. Each
investor I observes the return R;, but not R;. Each bank 7 observes both returns R; and R;
whenever ¢ € (0,1). It follows that from the perspective of an investor, ¢ captures the degree of
transparency of a bank’s portfolio. When ¢ is high, then investor I’s signal is more informative
about the final realization of bank i’s portfolio. Conversely, the lower ¢ is, the more opaque
the bank’s portfolio is, and thus the less informative investor’s signal is.

After observing R;, investor I decides whether to liquidate his investment, or continue and

wait to receive D at date 2. We represent investor I’s decision through a function

1 if investor I continues bank ¢
ST (Rz) =
0 if investor I liquidates bank
If an investor I chooses to liquidate, he receives an early redemption value 0 < r < E (R;).
Liquidation of bank i does not affect the state of the project of bank j.

If an investor I chooses to continue, then he receives D at date 2, if V; > D and zero

otherwise. The bank 7 is the residual claimant and receives at date 2

max{V; — D, 0}.

The underlying assumption is that if return of the portfolio V; is not sufficient to repay the
debt to the investor, the bank is insolvent and all the proceeds of portfolio are foregone in
bankruptcy.

In this set-up we use the following equilibrium concept.

Definition 1 A symmetric equilibrium is given by a portfolio allocation (¢*,1 — ¢*), a face

value of debt D*, and continuation decision s7 (R;) of each investor I given signal R; such that

1. the continuation decision maximizes each investor 1’s expected payoff at date 1

max {sy (R;) - D -Pr(D < V;(¢)|R;) + (1 — sy (R;)) - r};

ST



2. the face value of debt mazximizes each investor I’s expected payoff at date 0

mgXERi {s1(Ri)- D -Pr(D < Vi (¢) |Ri) + (1 — s (Ri))-r};

3. the portfolio allocation mazimizes each bank i’s expected payoff at date O

maxBr, gy {s1 (Ri) - max[(Vi (¢) - D), 0]}

Implicitly, the optimal continuation decision is a function of the face value of debt as well
as the fraction of the project the bank retains in its portfolio, i.e. s7(R;) = s} (Ri; D, ¢).
Similarly, the face value of debt is a function of the fraction of the project the bank retains in
its portfolio, i.e. D* = D* (¢). In the exposition below, we take these dependencies as implicit

so not to burden excessively the notation.

2.2 Equilibrium Derivations

We solve for the equilibrium in two steps. First we solve for the investors’ optimal liquidation
decision, and the optimal face value of debt, as described by condition (1) and (2) in Definition
1, given that each bank retains a fraction, ¢, of her project. Second, we solve for the optimal
portfolio allocation, ¢, taking into account that each bank understands that investors behave
optimally. We start with the case ¢ € (0,1). We analyze the case of ¢ = 0 and ¢ = 1 separately,
to highlight when banks have perfectly opaque or perfectly transparent portfolios.

In the first step, we start by analyzing investors’ continuation decision. For each portfolio
allocation, ¢ € (0,1), and each face value of debt, D, set at date 0, the optimal continuation

decision at date 1 must satisfy
st (Ri) = argmax {sy (R;) - D - Pr (D < Vi (¢) [R;) + (1 — s; (Ry)) -} (1)

Thus, it is optimal for the investor I to continue funding bank ¢ if D - Pr(D < V;(¢)|R;),
the amount he expects to receive at date 2, given that his signal is R;, is larger than the
reservation value r, he obtains when he liquidates the bank at date 1. Investor’s decision to

continue funding the bank depends thus on how high the face value of debt is, as well as how



high the probability that the investor gets repaid. Indeed, if realization of R; is sufficiently high
that D < ¢R;, then the investor gets repaid D with certainty. However, if D > ¢R;, then the
investor gets repaid D only if R; > Dl%‘b(ﬁ&, which occurs with probability (1 -G (Dl__‘bfz)>
Otherwise, the bank goes into default at date 2, and the depositor gets 0.

This implies that investor I finds it optimal to continue funding bank ¢ when

D — (ﬁ]:iz r
Pr (R] 2 max {M,O}’ RZ> 2 5,
or when his signal is sufficiently large. In particular, investor’s optimal continuation decision
can be characterized by a threshold strategy as follows
1 if R; > R*

s7(Ri) = : (2)
0 if R; < R*

where
. ) D 1—-¢ _ r
R —maX{mln{1,¢—¢G 1(1—D>},0} (3)

Thus, R* represents the probability that an investor liquidates his bank at date 1. Equa-
tion (3) reveals that investor’s continuation decision depends non-linearly on D. Clearly, if the
face value of debt is too low, the investor liquidates the bank, as he is better off cashing in the
liquidation value r. However, the investor is also more likely to liquidate when the face value
of debt is too high. In fact, the probability that investor liquidates the bank increases in the
level of debt, when D is sufficiently high. This is because the probability an investor associates
to being repaid decreases faster than his relative opportunity cost of continuing the bank, r/D.
These forces play an important role in determining the optimal face value of debt, which we
discuss next.

We turn to derive the optimal face value of debt taking as given a portfolio allocation ¢, and
taking into account that investors make the optimal continuation decision at date 1. Investor

I’s expected payoff is given by

Wi =Eg, {s7 (R;) - D -Pr(D < Vi (¢) |R;) + (1 — s7 (Ry)) -7}, (4)
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Figure 1: The figure illustrates the equilibrium liquidation probability, R*, and the optimal
face value of debt, D*, as a function of the degree of transparency of a bank’s portfolio, ¢, for
r = 0.37. The dashed line represent the 45 -degree degree line.

or

*

D" — ¢R;

W; =D Eg, <Pr<Rj2 =

>‘RizR*> Pr(R; > R*)+r -Pr(R; <R*). (5)

The first term on the right hand side of (4) and (5) represents investor I’s expected payoff
provided he continues funding bank i. The second term on the right hand side of (4) and (5)
represents investor’s expected payoff provided he liquidates the bank at date 1.

Thus, making use of (2), the face value of debt satisfies

1
D =argmax< D / (1 -G (1(@51)) dG (R;)| +rG (R") 5. (6)

Figure 1 illustrates the solution to (6) as well the corresponding continuation decision of
investor I, as a function of the degree of transparency of his bank ¢, for a given reservation
value r. The key observation is that as ¢ increases, investors’ information improves. This leads
to a more precise liquidation decision, and the liquidation threshold R* and optimal face value

D* converge to each other. In fact, when investors are fully informed (¢ = 1), the liquidation

10



0.8

(i)

Figure 2: The figure illustrates how the liquidation probability R and the face value of debt
D* depend on the investor’s reservation value, r, and of the fraction, ¢. In region (i), R = 0.
In region (ii), R € (0,1). In region (iii), R = 1. The dashed lines in regions (i) and (ii)
represent the thresholds above which the equilibrium face value of debt D* < ¢, and below
which D* > ¢.

threshold is R* = D*. In the other extreme, if the degree of transparency of bank ¢’s portfolio
is too low, then there exists no face value of debt for which the investors are willing to continue
the bank, and R* = 1.

A general characterization of the investor optimal decision, i.e. the probability R* that a
bank is liquidated and the face value of debt D*, as a function of the investor’s reservation
value, r, and of the fraction that the bank retains of her own project, ¢, is provided in Lemma
A.1 in the Appendix. Figure 2 illustrates the results stated in the Lemma. When r is low and
¢ is not too high, as in Region (i) in Figure 2, the repayment an investor expects to receive
from his bank at date 2 is sufficiently high that he always continues the bank. As r increases,
the investor continues the bank with probability 1 only if he does not have sufficiently precise
information about the bank’s portfolio, or when ¢ is lower. Indeed, the threshold ¢; (1)
that separates Region (i) and Region (ii) is decreasing r. This is because when the investor
is relatively uninformed the face value of debt can be set to compensate him in expectation

for not liquidating early, provided r is small. In other words, opacity makes investors passive
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when r is low. However, as the investors’ reservation value, r, increases and banks portfolios
remain relatively opaque, or ¢ is not too high, as in Region (iii) in Figure 2, investors no longer
tolerate opacity. Thus, in Region (iii), there exists no level of the face value of debt for which

an investor is willing to continue the bank at date 1. Thus opacity makes investors aggressive

(iii) which is increasing r.

When ¢ is high and the banks’ portfolios are relatively transparent, an investor continues
his bank with probability R* € (0,1) for a large range of his reservation value, r, as shown in
Region (ii) in Figure 2. This also holds for lower levels of ¢, as long as r is not too high.

We distinguish two main cases when R* < 1 and the investor is willing to continue his bank
with positive probability: D* < ¢ and D* > ¢. When D* < ¢, then there exists values of
R; such that bank ¢ can repay the investor from the realization of its own project. Thus, the
signal that investor I receives at date 1 can be sufficiently informative about whether he will
be repaid at date 2. When D* > ¢, it is necessary that bank j’s project has a sufficiently good
realization for bank ¢ to be able to repay the debt to the investor at date 2. In this case, the
signal that investor I receives at date 1 is less informative, as the investor is uncertain about
whether he will be repaid or not even if R; is high. The dashed lines in Region (i) and Region
(ii) in Figure 2 represent the thresholds above which the equilibrium face value of debt D* < ¢,
and below which D* > ¢.

In the second step, we analyze banks’ decision about what fraction, ¢, of their loans to
retain in their portfolio. When banks choose their optimal portfolio, they take into account
that the investors make optimal decisions. That is, a bank 7 understands that each fraction
(1 — ¢) of loans it exchanges with the other bank induces a continuation decision sy, and a face

value of debt D. Thus for each ¢, and s7 and D* associated with that ¢, the bank i’s expected

payoff is
Wi = Eg, {ERj{maX[(¢Rz' +(1—=¢)R; = D)0} - 57 (Rz')}
or
VVZ‘ :]ERi {ERj {(¢Rz+(1 —(f))Rj —D*) Rj > M}'Rz > R*}PI(RZ > R*)

Isolating D*, and substituting the investor’s payoff, we can write bank i’s expected payoff in

12



(5) as

D" — ¢R;
Rj> (bR

}‘ R, > R*} Pr (Rz > R*)—i—r-Pr (Rz < R*)—W[.
(7)

The sum of first two terms in (7) represents the total surplus that is expected to be realized when

investor I finances bank i. The last term is simply investor I’s payoff. Thus, in equilibrium,
each bank 7 chooses the fraction, ¢, of her project to retain in her portfolio such that the
expected marginal total surplus equals the marginal investor’s payoff. To the extent that these
two term are not proportional, a wedge arises between the planner and the bank.

The optimal degree of transparency, ¢* solves

¢* = arg max / / ¢R; + (1 — ¢) R; — D dG (R;) dG (R;)

R* * R
max{ D _—oR; ,O}

1-¢

The bank’s objective is to choose a portfolio allocation (¢*,1 — ¢*) that would result in
the lowest face value of debt, D, for which the investor often continues to fund the bank. In
making this choice, the bank weighs two forces: the ex-post probability of default at date 2 and
the probability of liquidation at date 1. Exchanging a fraction of its loans with the other bank
diversifies bank i’s portfolio. At the same time, it creates opacity about her portfolio return,
as investor I has information only about bank i’s project. Through diversification, the bank
can decrease the ex-post probability of default at date 2. However, increasing the opacity of
the portfolio has mixed effects on investors’ decision to liquidate the bank. When possible, the
bank chooses a degree of transparency ¢ to decrease both the ex-post probability of default at
date 2 and the probability of liquidation at date 1. This is the case when D* > ¢ in Region
(ii) in Figure 2. However, there are parameters for which the probability that the investor
liquidates the bank is not monotonic in ¢, as it is the case when D* < ¢ in Region (ii) in
Figure 2. Then, the bank faces a trade-off between the marginal change she induces in the ex-
post probability of default relative to the marginal change she induces in the probability that
the investors liquidate the bank. In this case, the optimal choice of the degree of transparency

has interesting implications for welfare and financial crises, as we discuss in Section 3.
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We now characterize the two extreme bank choices of opacity, ¢ = 0,1. The case of
¢ = 1, when each bank retains all of her project and the investors are perfectly informed, is
straightforward. Investor I continues to fund bank ¢ when the signal he receives R; is larger
than the face value of debt D, i.e. when he is certain that the bank does not default at date
2. In other words, his continuation strategy is given by (2) where R* = D. At the same time,

the face value of debt must solve the following maximization problem

1
max D /1dG(Ri) +rG(R") ;,

and the first order condition implies that

. 1+r
D*(1) = 5

Thus, the investor continues the bank with probability 12i

The case of ¢ = 0, when each bank swaps the entire project with the other bank, is
similarly straightforward. The signal that the investors receive at date 1 is not informative
about the return of their bank portfolio. Thus, an investor continues the debt contract with
the bank provided the amount he expects to be repaid at date 2, D - Pr (D < V; (0)), exceeds
the reservation value he obtains when he liquidates the bank at date 1, . Then, the face value

of debt must solve the following maximization problem
1
max D / dG (Rj)| ¢,

and the first order condition implies that

Thus, if r < % the investor continues the bank with probability 1 and receives D* (0) at date 2
with probability % Otherwise, if r > % there exists no face value of debt that can induce the

investor to continue the bank.
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2.3 Constrained Planner and Welfare

We start by introducing the social planner optimization problem. Our definition of welfare

aggregates banks’ and investors’ expected payoffs as of date 0, and can be written as

D" — ¢R;

D" — ¢R;
1-¢ 11—

WS:2><ERZ. {|:¢RZPI' <RJ > 1 ¢

)+a-os(rir, > )] s o+ -y .

(8)

The social planner chooses a fraction of the project, ¢°, that each bank retains such that

1

#° :argmax/ OR; (1 -G <max{D*1_Z&,o}>> +(1—¢) /

1
R* *_ bR
max{ D 17?)1%2 70}

given that the face value of debt satisfies (6) and investors take optimal continuation decisions

RjdG (Rj) dG (Rz) +rG (R*) s

that satisfy (1).

The social planner’s and the banks’ incentives are partially aligned, as both benefit when
investors continue to fund the bank and when default is avoided. However, two wedges may
arise between the social planner and the banks.

The first wedge arises because banks do not internalize that in case of early liquidation,
investors nevertheless obtain their reservation value, r. In contrast, for the social planner,
the early liquidation payoff represents nevertheless a welfare gain even when a bank defaults.
Moreover, as r increases, investors obtain a good payoff if they liquidate early. Thus, even
if banks choose a portfolio allocation that decreases the probability of liquidation, it may be
the case that the expected welfare gain from continuation increases by less. This force is most
clearly identified by allowing investors to have full information about both banks’ projects, a
set-up which we characterize formally in the Section 4.

Even when the first wedge is less relevant, a second wedge arises as the social planner and
the banks associate a different relative importance to being continued vs. defaulting. That is,
the trade-off between the ex-post probability of default and the probability that the investors
liquidate the bank resolves differently for the social planner. This is because, each bank, as
a residual claimant on the return of her portfolio, prefers to receive a higher payoff albeit

in fewer states of the world. Therefore, it may be optimal for the bank to chose a portfolio
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allocation under which investor receive a lower face value of debt, even if this implies that
investors are more likely to liquidate. In contrast, from the perspective of a social planner,
the face value of debt is a transfer from the bank to the investor. Provided that investors are
not too highly compensated for liquidating early, the social planner’s objective is to chose a
portfolio allocation (gbs 1 —o¢° ) for each bank that yields a face value of debt, D°, such that
the surplus is realized in as many states of the world as possible. While the planner may also
be concerned that the face value of debt is be too high, this is because the bank can become
insolvent and default at date 2. This trade-off is present only when investors have incomplete
information about their banks’ portfolio and has significant implications for the probability of
financial crises.

It is instructive to consider the implications of our model if the only possible choices for
the bank and the constrained planner were full opacity (¢ = 0) and full transparency (¢ = 1).
Direct comparison of these two extreme cases reveal three key outcomes. First, from the
perspective of the planner, it is always better to have fully transparent banks. In the absence
of diversification benefits, full opacity only makes the investors’ liquidation decision less precise,
which leads to surplus being destroyed inefficiently. Thus, welfare under full transparency is
higher than under full opacity.

Second, the banks prefer to be fully opaque if r < %, while they choose a fully transparent
portfolio if r > %. When r < i, opacity makes investors passive, and they choose to continue
their bank with probability 1. Banks favor this outcome, since they need to pay a lower face
value of debt than when they have perfectly transparent portfolios. When r > 1. opacity makes
investors aggressive and they will always liquidate the bank at date 1. A bank can persuade the
investor to continue the contract with positive probability if only and if she holds a perfectly
transparent portfolio. In this case, the investor continues his banks with probability %.
Therefore, the bank is too opaque relative to the constraint efficient allocation if and only if
r < i. We show in the next section how investors’ and banks’ incentives adjust to intermediate
levels of opacity.

The third key implication is that the probability of early bank li quidation, or of a financial
crisis, is always weakly lower in equilibrium compared to when the banks choose fully trans-
parent portfolios, as in the constraint efficient outcome. In other words, banks always prefer

to avoid early liquidation. However, as we argue in the next section, narrowing banks’ choice
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to be either fully opaque or fully transparent misses an important consequence of opacity,
namely bank strategic exposure to financial crises. We show that such behavior only emerges
if banks can fine-tune how much information they provide to investors by choosing portfolios

with intermediate level of opacity, ¢ € (0,1).

3 Equilibrium and Optimal Opacity

In this section we formally introduce our results. The first set of result characterizes the equilib-
rium portfolio allocation, and contrasts it with the portfolio allocation that maximizes welfare.
The second set of results addresses the implications of the equilibrium portfolio allocation for
financial crises. We say a financial crisis occurs when a bank is liquidated at date 1.

We start by characterizing banks’ equilibrium portfolio allocation in the following proposi-

tion.

Proposition 1 There exists r, such that for any r < rp, banks hold in equilibrium interde-
pendent and opaque portfolios, or ¢* € (0,1). If r > rp, banks have independent and perfectly

transparent portfolios, or ¢* = 1.

When investors’ payoff, r, from early liquidation is not too high, neither full transparency,
nor full opacity are desirable for the banks. The intuition is as follows. When banks exchange
projects there are two effects. First, each bank’s portfolio is more diversified, which reduces
the likelihood of default at date 2. Second, each bank’s portfolio is more opaque. As we have
discussed above, when ¢ = 1 and the investor has perfect information, he liquidates the bank
if and only if the bank defaults at date 2. When the bank’s portfolio is opaque, the investor’s
liquidation decision is less precise. That is, the investor liquidates the bank even in some states
in which the bank would not default and, conversely, the investor continues the bank even in
some states in which the bank would default. Both diversification and opacity act as forces to
lower the face value of debt, D*, that maximizes the investors expected surplus, as long as the
investor’s reservation value is not too high. This favors the bank who then seeks to acquire a
fraction of the other bank’s project. However, if banks fully swap their projects, any gains from
diversification are foregone. Moreover, when ¢ = 0, the investor is completely uninformed so

he needs to be compensated more in expectation, in order to retain his investment in the bank.
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Thus, the optimal portfolio allocation is interior. In the next section we also show that the
portfolio banks hold in equilibrium is under-diversified, a direct consequence of banks’ decision
to create opacity.

When the reservation value of the investor is too attractive, he will continue to fund the bank
only when he is certain that he will receive a sufficiently high face value of debt, conditional
on his information at date 1. In this case, the bank must retain all of his project, as investor
does not tolerate any degree of uncertainty about the portfolio return.

A direct implication of Proposition 1 is that banks incur a negative premium for holding
opaque and interconnected portfolios, as long as r < rj,. This premium is defined as the
difference between a bank’s payoff when she holds a perfectly transparent portfolio (¢ = 1) and
the payoff she obtains in equilibrium, conditional on being continued. The next proposition

shows that the gain banks obtain from opacity is at the expense of the investors.

Proposition 2 There exists r; such that for any r > ry, welfare is maximized when banks have
independent and perfectly transparent portfolios, or ¢° = 1. If r < r;, welfare is mazimized

when banks have interdependent and opaque portfolios, and ¢° = ¢* < 1.

Despite the diversification benefits that arise when banks exchange projects, the social
planner finds it optimal that banks have independent portfolios if r is not too low. There are
two reasons for this. First, even if the probability of liquidation may be higher when banks
have independent portfolio than when they have diversified portfolios, the welfare gain that
investors obtain from their reservation value, r, may compensate for the welfare loss when the
bank is liquidated early. Second, investors have perfect information about their bank portfolio
return when ¢ = 1. As we have seen in the previous section, when ¢ = 1, the face value of
debt D* = R*. Thus investor I continues to fund bank ¢ only when he is certain he will receive
D, given he knows that the return of i’s project is R; at date 1. In other words, the investor
liquidates the bank only when the bank would otherwise default at date 2. In this case, no
surplus is destroyed inefficiently. In contrast, when ¢ < 1 there can be a welfare loss because
when bank i is liquidated the (1 — ¢) share of project originated by bank j that ¢ owns is
liquidated as well, even though it could yield a high return.

A direct consequence of Proposition 2 is that equilibrium portfolio allocations decrease

welfare for intermediate values of the investors’ reservation value, . In Figure 5 we plot the
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difference between the payoff that a bank obtains in equilibrium and the payoff that a bank
obtains when she holds the efficient portfolio as a function of . The figure illustrates that
indeed banks gain from opacity, instead of incurring a cost, at the expense of the investors.
Formally, we show that r; < r,, such that the divergence between the social planner and
the banks arises when r € (r;,7,). The next proposition introduces this result and identifies

the main sources of the inefficiency.

Proposition 3 For any r € (r;,ry) banks’ portfolios are inefficiently opaque. Moreover, there

exists oy, € (1, 1) such that

1. If rp <71 < 1y, the investors continue their bank too frequently, or R*(¢*) < R*(1).

2. If ryy <1 < '1p, the investors liquidate their bank too frequently, or R*(¢*) > R*(1).

Proposition 3 essentially characterizes the probability of financial crises as a function of
the banks’ portfolio choices. Recall that we consider a financial crisis occurs when the bank
is liquidated at date 1. While financial crises may be efficient conditional on banks’ choices,
welfare losses arise nevertheless either because crises occur too frequently or too infrequently.
There are two channels that explain why inefficiencies occur. First, the banks default too often
at date 2 if they are not liquidated early. That is, there are cases when investors choose to
forego r and not liquidate the bank, but the bank defaults at date 2 and investors receive zero.
This is shown in the first part of Proposition 3. Second, banks are liquidated too often at date
1: there are cases when investors choose to liquidate the bank and only receive r. However,
if the bank were not liquidated, it would be solvent and pay out D > r to investors at t = 2.
This is shown in the second part of Proposition 3.

The intuition is as follows. Given equilibrium D* and ¢* set at ¢ = 0, investor I has an
ex-ante expectation of his payoff, in case he does not liquidate the bank. At ¢ = 1, when
investor I observes signal R;, he updates the expectation of his payoff given his signal. When
r € (r;,rm), banks choose relatively opaque portfolios. Thus investor I’s signal is relatively
uninformative. It follows that unless R; is very low, the investor does not revise his expected
payoff significantly downward, and he chooses to continue the bank. This leads the investor to

continue funding the bank too often relative to the case when banks hold the socially optimal

19



0.4

0.3

(i) (ii)

0.2
0.1

R r
0.5

0.1 0.2 0.3 0.4

— Equilibrium Expost Default Probability Conditional on Continuation

Figure 3: The figure illustrates the probability, Pr(D > V;|R; > R*), that a bank defaults
at date 2, when at date 1 investors have learned the signal and decided to continue funding
the bank, given the equilibrium degree of transparency, as well as the optimal degree of trans-
parency. We distinguish two regions: Region (i), when r € (r;,7,,) and Region (ii), when
T € (Tm,Th).

portfolio. Since a large part of bank 7 portfolio depends on realization of R;, ex-post the banks
default frequently, as illustrated in Figure 3, Region (i).

When r € (r,,,71), the banks choose relatively transparent portfolios, since investors’ reser-
vation value, r, is high. As investor’s interim signal at ¢ = 1 is informative, he substantially
updates his expectation about the payoff he obtains in case he does not liquidate the bank.
Thus even for an intermediate realization of the signal, concern that his bank will default at
date 2 prompts the investor to liquidate the bank. This leads to too frequent liquidation rel-
ative to the case when the bank holds the socially optimal portfolio. It also implies that the
investor only continues to fund the bank when his signal is relatively high, which leads to a
healthy bank balance sheet since R; is a significant share of bank i’s portfolio. As a result,
conditional on continuation, the bank rarely defaults at ¢t = 2, as illustrated in Figure 3, Region
(ii). The bank favors this outcome as well since its payoff conditional on being continued is
sufficiently high to compensate for the fact that she is liquidated more frequently.

Note that the liquidation probability is monotonically increasing in r, but the degree of

opacity is non-monotonic, as illustrated in Figure 4. The first observation is intuitive: the
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liquidation value r represents investors outside option, and a higher outside option increases
the probability of liquidating the bank. By the same logic, one would expect the equilibrium
opacity to be monotonically decreasing in r. Indeed, higher bank transparency can increase
investor’s likelihood that he receives his date 2 payoff, attenuate the increase in probability of
liquidation, and improve bank’s payoff.

Although this logic holds once r is sufficiently high, it is not globally true. In fact for low
levels of liquidation value, opacity is weakly increasing (transparency, ¢, weakly decreasing) in
r. The reason is that when 7 is not too high, banks recognize that by giving their investors a
sufficiently risky payoff with a high upside, as represented by a high face value of debt, they
can remove the liquidation threat all together. It follows that to induce a sufficiently high face
value of debt, equilibrium opacity increases in r until it peaks at r = %, while R* is zero, i.e.
the bank is never liquidated. Above this threshold the investor’s outside option is sufficiently
high that he sometimes liquidates the bank, regardless of the degree of opacity, as we explained
above.

It is important to observe that the second part of Proposition 3 implies that the probability
of a financial crisis is higher when banks have correlated portfolios than when they have inde-
pendent portfolios. Counterintuitively, in our model banks choose a portfolio allocation that
increases the likelihood of a banking crisis. At the same time, the face value of debt that com-
pensates investors is lower than the one that prevails when the banks are less exposed to crises,
as is the case when ¢ = 1. A banking crisis can occur even when there is a positive probability
that the bank’s portfolio yields a positive return if continued. This suggests that government
interventions and bailout policies can only increase the probability of banking crises by further
distorting banks’ incentives, and thus are inefficient.

Furthermore, the model also provides an interesting set-up to think about the timing of
bailouts. Specifically, in the context of our model, the government can intervene at two distinct
times. First, at ¢ = 1 when investors receive a low signal and intend to liquidate the banks,
the government can intervene and allow the banks to continue. Second, at ¢t = 2, if a bank
does not have enough resources, the government can intervene and repay the face value of debt
to investors. Neither intervention involves a transfer of government resources to bank equity
holders, but the two bailout policies have very different implications for the equilibrium degree

of opacity, as well as for the banks’ and investors’ payoff. Thus, by explicitly modeling the
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strategic interactions between banks and investors, our framework allows for comparing the
equilibrium implications of government intervention when banks are illiquid versus when they
are insolvent.

Another interpretation of Proposition 3 is in terms of investors’ use of their information.
When banks have independent portfolios, investors are relatively information insensitive, in the
sense that they only liquidate the bank if they anticipate a low return of their bank’s project.
Once the bank chooses to exchange projects, investors become more information sensitive, by
taking actions based on the (partial) information that they receive about their bank portfolio.

While r in our set-up is an exogenous parameter, it can be thought as capturing in a
reduced form liquidity in the secondary market, as most recently modeled in Dewatripont and
Tirole (2018). An improvement in the secondary market can be then equivalent to increasing
r, which effectively acts as an outside option for investors. Then, an implication of our model
is that more liquidity in the secondary market has an adverse effect: it provides incentives for
investors to liquidate the bank early as they can guarantee themselves a safe return, and do
not internalize the forgone residual claim which accrues to the bank if it is continued. Under
this interpretation, improving secondary market liquidity makes the banking sector less stable,

and destroys welfare through frequent banking crises.

4 Opacity vs. Diversification

A useful benchmark for our analysis is the full information case. In the full information case,
we consider that at date 1 the two signals that perfectly reveal the return of banks’ projects, R;
and R;, are observed by both investors. This case is informative about the relative importance
of diversification and opacity motives in banks’ decision to have interdependent portfolios, and
the implications for financial crisis.

As in the main specification of our model, we start by analyzing investors’ continuation
decision. For each portfolio allocation, ¢t/ € (0,1), and each face value of debt, D/, set at
date 0 under full information, the optimal continuation decision that investor I takes at date

1 must satisfy

S;/FI = argmax {s] ' - D" - Pr (D" <V; (¢"") |R;, Rj) + (1 — s ") - r}. (9)
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Since at date 1 the investor is perfectly informed, he continues funding the bank when the
return of his bank’s portfolio is sufficiently high to repay the face value of debt D!, In other

words, his continuation strategy is given by

1 if Vv (¢fT) > DF!
S;/FI ? (¢ ) - (10)

0 ifV;(¢f) < D!

To parallel the imperfect information case, we use R*/f'1 = Pr (V; ((bF 1 ) < DFI ) to denote the
probability that the investor liquidates the bank at date 1. In contrast with the case when they
have information only about their bank’s project, with full information investors liquidation
decision is perfectly accurate. That is, investors liquidate the bank only in the states in which
the bank defaults at date 2, and, similarly, they continue the bank only in the states in which
the banks is able to repay the face value of debt.

With full information, investor’s I expected payoff at date 0, is given by

Wit =Eg, g, {5;/” (Ri, R;) - D™ + (1 -7 (R, Rﬂ) 'T} ’
and the optimal face value of debt solves

D¥/FL — argmax { D! - Pr (D' < V; (")) +r- (1 —Pr (D" < V; (¢"7)))}. (11)

The solution to (11) ensures that when the investor continues the bank, he will receive D*/F1 >
r.

We then turn to analyze each bank’s decision about what fraction, ¢f"/, of their loans to
retain in her portfolio. As in the imperfect information case, when banks choose their optimal
portfolio, they take into account that the investors make optimal decisions. Thus for each ¢/,

and s;/FI and D*/T'T associated with ¢, the bank i’s expected payoff is
Wi = Eg, r, {max[(¢R; + (1 - ¢) Ry — D/"),0] - 57" (Ri, By)}.

Thus, the optimal portfolio allocation, ¢*/¥'1 solves
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o/ F1 — argmax{ERi,Rj [<¢Ri Y (1- )R, — D*/FI) \D*/FI < (¢FI)] . Pr (D*/FI <V (¢F1))}

The social planner optimization problem is similar to the incomplete information case. Total

welfare aggregates banks’ and investors’ expected payoffs as of date 0, and can be written as

WS — B, [(0R: + (1= 6) By) DT < Vi (6FT) | Pr (D/FT < Vi (657 ) v (1= Pr (D77 <

(12)
The social planner chooses a fraction of the project, ¢°, that each bank retains to maximize
(12), given that the face value of debt satisfies (11) and investors take optimal continuation
decisions that satisfy (9).

Next we characterize the equilibrium portfolio allocation, as well as the portfolio allocation

that maximizes welfare when investors are fully informed at date 1.

Proposition 4 There exists ri such that for any r < rg, ¢*/F1 = max{%,%}. If

r > 1y, banks have independent portfolios in equilibrium and ¢*/F1 = 1.

Note that for any portfolio allocation (¢, 1 — ¢) that is an equilibrium, the portfolio alloca-
tion (1 — ¢, ¢) is also an equilibrium. This follows from the symmetry of the banks’ portfolio
return distribution in the full information case.

Proposition 4 implies that diversification is beneficial for a bank as long as the reservation
value of the investor, r, is not too high. Although the probability of liquidation increases when
banks forego diversification, the face value of debt increases by less when r is high. This implies
that banks are able to retain more of the realized return from their portfolios, conditional on
being continued. Mathematically, it is sufficient to note that each bank essentially holds a call
option contingent on its portfolio return, with a strike price of D*/¥1. In the full information
case, bank i’s expected payoff is the expected value of the option, which is convex in the bank’s
portfolio return V; (qu I ) In consequence, the optimal portfolio allocation that the bank choose
will always be a corner solution, depending on which interval the bank’s payoff is evaluated.

When investors are perfectly informed about their bank’s portfolio return, banks have an

incentive to exchange projects only to benefit from diversification. To shed light on how opacity
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Figure 4: The figure illustrates the equilibrium portfolio allocation under full information,
<Z>*/ FI " as well as the equilibrium portfolio allocation under incomplete information, ¢*, as a
function of the investors’ reservation value r.

affects banks’ decisions to have interdependent portfolio, it is then useful to compare the port-
folio allocations that banks choose when they seek to gain from diversification alone, with the
allocations that banks choose when they benefit from both opacity and diversification. Figure
4 illustrates how the equilibrium allocation under full information, ¢*/¥, compares with the
equilibrium allocation under incomplete information, ¢*, as a function of the investors’ reser-
vation value r. It is immediate from the figure that when investors have only access to partial
information, banks hold interconnected portfolios beyond what is beneficial for diversification

purposes, deliberately creating opacity for their investors.

Proposition 5 There exists r1, such that for any r < rp, welfare is maximized when banks
have correlated portfolios and ¢5/F1 = ¢*/F1 = 3%,)2’” If r > 7, welfare is mazximized when

banks have independent portfolio and HS/FL = 1.

Just as in the equilibrium result, note that for any portfolio allocation (¢,1 — ¢) that is
welfare optimal, the portfolio allocation (1 — ¢, ¢) is also welfare optimal. This also follows

from the symmetry of the banks’ portfolio return distribution in the full information case.
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Figure 5: The figure illustrates the difference between the payoff that a bank obtains in equi-
librium and the payoff that a banks obtains when she holds the efficient portfolio under full
information, as well as under incomplete information, as a function of the investors’ reservation
value r.

Proposition 5 shows that diversification is optimal only if the reservation value of the
investor, r, is sufficiently low. Since r; < 71, < 7., even with full information, the equilibrium
is inefficient if r € (rr, 7). The nature of inefficiency is, however, different than in our main
specification when investors have only partial information. When investors have access to
full information about their bank’s portfolio, banks choose interdependent portfolios not to
dilute investor information, but to gain from diversification. However, the bank, just as in the
partial information case, does not internalize that if it is not continued, the liquidation value r
still accrues to investors. For the social planner on the other hand, the early liquidation payoff
represents a welfare gain even when a bank defaults. This is the only wedge that arises between
the social planner and the bank in the full information case.

As we discussed in Section 3, opacity introduces a second wedge that renders banks’ port-
folios inefficient. Banks significantly exploit the informational disadvantage of the investors to
increase their profits relative to what they would obtain if they held the optimal portfolio, as it
is illustrated in Figure 5. Moreover, the region of inefficiency is wider in the partial information

case than in the full information case, as the same figure shows.
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The next proposition characterizes formally the main source of inefficiency when investors

have perfect information, with implications for the probability of financial crises.

Proposition 6 For any r € (r,rm) banks portfolio allocations are inefficient. Moreover, the

investors continue their bank too frequently, or R*/FI(QS*/FI) < R*/Ff(l).

It is interesting to contrast the result in Proposition 6 with the result in Proposition 3.
With full information about both project realizations, investors terminate their bank whenever
the total ex-post return is below the face value they are promised to get. Perfectly informed
investors are able to better tailor their joint (D*/#1 R*/FT) decision to minimize the loss in the
event of bad realizations, while capturing as much surplus as possible. Thus, in the absence of
opacity, banks cannot benefit from financial crises. While banking crises occur in equilibrium,
they are not as frequent as it would be the case if portfolio allocation were optimal. Only under

opacity banks purposefully inflict crises in order to boost profits while they operate.

5 Conclusion

We explore a model in which banks strategically hold interconnected portfolios rendering the
financial system opaque and more prone to financial crises. In our set-up, banks borrow funds
from investors to finance risky projects, in exchange for risky long-term debt contracts. Be-
fore maturity investors observe a signal about their bank’s project, and decide whether they
liquidate their debt early against a fixed redemption value. Ex-ante, each bank can affect how
investors use their information by exchanging a fraction of their project with another bank,
thus creating opaque portfolios.

We show that generically, banks choose portfolios which are neither extremely opaque nor
fully transparent. In other words, they provide investors with an optimal level of information.
Furthermore, banks can choose a degree of opacity which makes equilibrium outcome constraint
inefficient. However, rather counter-intuitively, the equilibrium degree of opacity does not deem
the banks interim safe but ex-post in trouble. Instead, banks choose a degree of opacity that
encourages crises: banks make themselves exposed to frequent termination if in return they
end up paying extreme low returns to investors if they survive and become profitable. In other

words, banks choose to expose themselves to financial crisis.
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A Appendix

A.1 Incomplete Information Derivations

L) and any portfolio allocation (¢, (1 — ¢))

Lemma A.1 For any early redemption value r € (0, 5

that banks hold, the probability, R*, that an investor liquidates the bank at date 1, as well as
the optimal face value of debt, D*, with incomplete information are as follows.

For any r,
1. if0 < ¢ < min{2, 2 (2(1 — ) — /@2 —dr + 1)}, then D* = 2% and R* = 0.
2 if%§¢§%(1—2r+\/1—4r—6r2>, then D* = 1/ 26(1 — ¢) and R* = 0.

3. if max{2 <2(1—2r)— (47‘)2—4r+1>71—%}<¢§ i (1—r+\/r(r+10)+1> then
D*:%<1+\/1+12r(1—¢)> andR*zﬁ(—4+3¢+\/1+12r(1—¢)>,0<R*<1.

4. if max{-> (1—27“4— 1—4T—6T2>7%<1—T+\/T(r+10)—|—1)} < ¢ <1, then D* is

the largest root of equation
—4D* + D*(2r + ¢+ 1) + 7% (¢ — 1) = 0,

and R* =3 (D* = (1-¢)(1 - £+)), 0 < R* < 1.

=

5. if0< ¢ <1— L, then R* =1.

Proof. Start from equations (3) and (6), letting G ~ U|[0, 1]. We will consider R* = 0, R* =

and 0 < R* < 1 separately. Moreover, from equation (6), we need to consider the following
cases separately D* < ¢, and D* > ¢. The distinction is that in the former case, lender I
takes into account that even if the opaque part of portfolio of bank i, (1 — ¢)R; returns zero,
for sufficiently high realizations of R;, % < R; <1, the lender will get paid if he chooses to

continue the bank.

1. No early liquidation, R* = 0.

(a) % > 1. In this case, investor payoff simplifies to

1 D — ¢z
W1:D/0 <1— =0 >dz
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The first order condition is

AD+¢—2
200-1)¢

which implies

P L

The second order condition holds (SOC< 0), thus the above D* is a maximum. D* > ¢

requires 0 < ¢ < %, while R* = 0 requires ¢ < 1% (1 —2r++v1—4r — 6r2), which leads

the first case.

% < 1. In this case, investor payoff simplifies to

WI:/O¢ (1—Dl:‘iz>dz+p(1—§)

The first order condition is

3D? +2(¢p — 1)¢
2(¢—1)¢

=0,
which implies
. 2
D= \/Z6(1 - ¢).

The second order condition holds (SOC< 0), thus the above D* is a maximum. D* < ¢
requires ¢ > %, while R* = 0 requires ¢ < 13—0 <1 —2r++1—4r — 6r2>, which leads the

second case.

2. Some early liquidation, 0 < R* < 1.

(a)

From equation (3), R* = % — % (1 — %) We again separately consider two cases:

% > 1. In this case, investor payoff simplifies to

1 J—
Wr=D (1—D ¢Z> dz+rR*
R* 1-9¢
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Substituting for R* and taking first order condition implies

(D1 —3D) +r(1 - ¢)) (r(l —¢) — D(1 - D))
2¢(1 — ¢)D?

:O7

This is a quadratic equation with four roots: Dy = % (1 — 1+ 12r(1 - d))) <0. Dyy =
3 (1+4r¢g —4r+1), and R*(D2) = R*(D4) = 1. Thus, the only relevant face value is
Dy =1 <1+ JI+12r(1 —¢)>. Note that R*(D) < 1 only if Dy < D < Dy, thus the

optimal face value can be in this interval. Moreover, Dy < D3 < Dy.

Next, the second order condition is given by

0 3D -
(1 —$)o

Letting SOC= 0 leads to a quadratic equation. Only two of the roots are in between Ds
and D3, and Dy < D¢ < D3 < D3° < Dy4. Thus the second order condition changes sign

twice on the interval [Do, D4]. Moreover, the second derivative evaluated at Dy and Dy is

lj:< 1—4r(1—¢)> (1—4r(1-9¢))
2ro(1 — ¢)?

> 0,

which implies that Do and D, are local minima, and that the second derivative is negative
at D3, thus Dj is a (local) maximum. Since first order condition is positive between Dy and
D3, and negative between D3 and Dy, Ds is the global maximum in the interval [Da, Dy].

Thus we have

(1+\/1+12T)
R* 3¢(4+3¢+\/1+12r1— )

CT:M—~

Lastly, D* > ¢ requires ¢ < é (1 —r+Vr2+10r + 1), R* < 1 requires ¢ > 1 — ﬁ and
R* > 0 requires ¢ > % (2(1 —2r) —\/(4r)% —4r + 1). This leads the third case.

Moreover, R* cannot exceed 1, thus R* =1 if ¢ > 1 — +=, which leads the fifth case.

(b) % < 1. Here we need to consider two sub-cases
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(i) R* < % & r < D* < ¢. In this case, investor payoff simplifies to

[ D — ¢z D .
WI—/* <1— 1_¢>dz+D(1—¢)+rR,

Substituting for R* and taking the first order condition implies

—4D3 + D2(1 4+ ¢+ 2r) — (1 — ¢)

D% = 0.

The numerator is a cubic function in D, with A = —432r%(1 — ¢)% + 4r2(1 — ¢)(1 +
é +2r)3, thus A < 0 implies (1 + ¢ + 2r)3 — 108r%(1 — ¢) < 0. For any pair (r, })
that satisfy A < 0,

¢<<}5(7‘):max{130 <1—2r—|— 1—4r—6r2>,é(—r+\/m+l>},

and (7, ¢) is covered by one of the first 3 cases. Thus when ¢ > ¢(r), Delta > 0 and
the cubic first order condition has 3 distinct real roots, D1 < Dy < D3. D1 < 0, so it
is not the solution. Moreover, note that the derivative of investors surplus approaches
—oo0 as D — 0 from above, and as D — oc.

Next, the second order condition is given by

r2(1 — ¢) — 2D3
D3¢ ’

1

which has one root: D%°¢ = (M) 3, and it is positive iff D < D%°¢. Moreover,
Dy < D%%¢ < D3, thus D is a local minimum while D3 is a local maximum. Thus
either D3 is the optimal face value, or the minimum feasible D, which in this case is
D = r. Comparing the two values leads Wy(¢,r, D3) > Wi(p,r,7), ¥V ¢ > o(r). Thus

we have

Lastly, note that if D* = r, first order condition implies that ¢ = r. However,
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r < ¢(r), which in turn implies that whenever % < 1, D* > r and thus the next

case is never relevant.
(ii) R* > % < D* < min{r, ¢}. As argued above, this case does not arise in equilibrium.

Lastly, if D* = ¢, first order condition implies ¢ = % (1 —r+/r(r+10) + 1), and R* >0
implies ¢ > 1% (1 —2r++v1—4r — 67"2>. This leads to the forth case.

Always liquidate.

This case is covered in treatment of 2.(a), some early liquidation with % >1. =

Proof of Proposition 1

We need to calculate the optimal ¢ for a bank ¢. That is, ¢ that maximizes

1 1
Wi / / (gle- +(1-¢)R;— D (¢)) dR;dR;

R* * R
max{ D 17(551{1 70}

As the optimal face value of debt changes depending on ¢ and r, we need to consider various
cases, as defined in lemma A.1.
Case 1: 0 < ¢ < min{2, 2 (2(1 — ) — /@2 —dr + 1)}.

Here D* = % and R* = 0. Substitute in the planner objective function to get

_ 76 +12(1 — ¢)

Wi= 60 9)

Since R* = 0, the optimal face value and bank profit are independent of r. Observe that

d;gi > (0 and % > 0, thus the bank profit function is increasing and convex in this region. It

follows that if the equilibrium level of opacity is in this region we will have

o = min{§,§ (2(1 — o) — /(@ar)2 —4r + 1)}
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or

if0<7“<1l5

<2(1—2r)— (4r)2—47‘+1> it 2 <r<l

[SUIERGIIN

Case 2: %S¢§%(1—2r+ 1—4r—6r2>,
2
3

=4/%¢(1 = ¢) and R* = 0. Substitute in the bank objective function to get

Since R* = 0, again the optimal face value and bank profit are independent of . Observe that

dWZ =0at ¢ =3 L and ¢ d;gi > 0, thus the objective function is convex, and the maximum is at-
talned on one of the corners, i.e. ¢* = % or ¢* = 1—30 (1 —2r++v1—4r — 6r2>. Direct compari-
son of the bank profit on the two boundaries reveals that T/VZ(%) > W; (% (1 —2r++v1—4r — 67‘2>>

for 0 <r < % It follows that if the equilibrium level of opacity is in this region we will have

Case 3: max{2 <2(1—27’)— (4r)? —4r + ) ti<o<i <1—r+\/r(r+10)+1>.
Here, D* — é(1+\/1+12r(1—¢)> and R* = (—4+3¢+\/1+12r(1—¢)), 0 <

R* < 1. Substitute in the bank objective function to get

144r(1 — ¢) — (42r(1 — ¢) + 23)\/12r(1 — L+31

Wi = 162(1 — )¢

z

It is more convenient to consider r < Landr > 1 L separately. When -2 5 <r< 4, d ¢2 > (0. Since

the bank objective is convex, maximum is attained at one of the two boundaries. Direct compar-

ison reveals that W; (% (2(1 —2r) — /(4r)2 — 4r + 1)) > W; (% (1 —r+4/r(r+10)+ 1))
On the other hand, when % <r< %, d;gi > (. Since the bank objective is increasing in ¢,

maximum bank profit is attained at maximum relevant ¢, i.e. % <1 —r+/r(r+10) + 1).
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Thus if the equilibrium level of bank opacity is in this region, we have

§<2(1—2r)— (4r)2—4r+1) it 2 <p<l

¢* =
F-r+ i+ 10)+ 1) ifl<r<i

Case 4: max{; (1—2r+ 1—4r—6r2),%(1—r+\/r(r+10)—|—1>}<¢§1.

Here, D* is the largest root of equation
—4D* + D*(2r + ¢+ 1) + 7% (¢p — 1) =0,

and R* = £ (D* — (1= ¢)(1 - £7)), 0 < R* < 1. Bank profit is given by

3D*° —3D* ¢+ 1)+ D** (¢ + ¢+ 1) — r3(1 — ¢)?

4 _ —
Wicase =W, = 6D*3¢

We will use Wfase4 for the objective function in this region since we use it to define the
equilibrium thresholds.

We consider two cases separately, when r < % and when r > %

o r < %:
214/ case 4
In this region, VZIT >0,V ¢ > 1% (1 —2r++1—4r — 6r2), thus the objective

function is convex and the maximum is attained at one of the two boundaries. The
upper boundary is ¢ = 1 and the lower boundary is ¢ = % (1 —2r++1—-4r — 6r2).

The bank profit at the two boundaries is given by

Wi (f;] (1-2r+ 1—4r—67’2>> -
L (VT T 1) e (36T 21 D) +2),

2
wia) = & - S

Where the first expression uses continuity of bank objective function on the boundary

3

0 (1 —2r++v1—4r — 67“2), and case 2 above. Direct comparison of the two expressions
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reveals that the former expression is always larger than the latter. Thus in this range

3
=2 (12 1— 4r — 2)
¢ 10( T+ r — 6r

or>%:

Consider the first order condition

AWEe (6, 1)

dé =0

2 1
152
the larger solution. ¢ exists for all r € (&, 3), ¢1 > ¢ (1 —r+4/r(r+10)+ 1), and

d2Wwease 4(g, . . ..
T@M) > 0, i.e. ¢ is a minimum.

The first order condition has either one or two solutions for r € ( ). Let ¢1 denote

Let ¢ denote the smaller solution (if it exists). ¢o exists only if r > 7 € (&,1),
d2w_case4 ,
and - 1d(252 (¢ T)

% (1 —r+4/r(r+10)+ 1), thus it is not always a relevant solution. Moreover, dc% > 0.

Let ¢0c = ¢2, and let . denote the level of r € (3, 3) such that ¢} (r) = & (1 —r+4/r(r+10) + 1>.

Thus for r > r,, ¢}o¢ is an interior (local) maximum.

< 0, i.e. ¢1 is a maximum. However, ¢2 is not always larger than

Given the above argument, for r € (1%, r.), bank objective function is either decreasing

or convex (or both) for ¢ € (% (1 —r++/r(r+10) + 1) ,1). Thus the maximum is

attained at one of the two boundaries. The bank profit at the two boundaries is given by

Wi (5 (1 + Vi1 ) -
46\/2r(r—\/m+5)+1+27’<r—\/m+5> <7\/2r(r—\/m+5)+1—24> — 62

9(—r+ T(r+10)+1—5> (—7‘+ T(r+10)+1+1>

(1—7r)?
—

Wi(1) =

Where the first expression uses continuity of bank objective function on the boundary

% (1 —r+/r(r+10) + 1), and case 3 above. Direct comparison of the two expressions

2

reveal that the former expression is larger than the latter when r € (4%,

r,). Thus in case
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4, in this range

3
=2 (12 1—4r— 2)
¢ 10( T+ r — 6r

Next, let r, denote r € (r.,1) such that W4 (g% ., 7) = (1_8T)2 = W;(1). For
any r € (ry,7), bank surplus is first concave and then convex over the interval ¢ €
(é (1 —r+ \/m) ,1), with an interior (local) maximum and a larger interior
(local) minimum. Thus the global maximum is obtained at either the local maximum,
$Foc» or at the upper boundary ¢ = 1. Direct comparison of the corresponding levels of
objective functions reveals that Wease 4 (¢%,o(r),r) > % =W;(1) for r € (rz, 7).

Finally, for r > 7y, the objective function is larger at the corner ¢ = 1 compared to the

interior local maximum, thus ¢* = 1.
Putting the cases together,
(F(1-2+VI-2r—67) ifo<r<3

F(1-r+ V7 10r 1) it 2 <r<r,

Proc ifr, <r<mry

1 ifr, <r<s

Case5:0§¢<1—ﬁ.

Here R* =1, thus W; = 0.

Comparison across cases. Next for each r, we compare the optimum across cases. Again
it is easiest to treat 3 ranges separately
2.
1.0<r< i5°
Here we compare the maximum across cases 1, 2, and 4. Case 1 shows that when

0<r< %, maximum is attained at ¢ = % Case 2 shows that ¢ = % is also optimal in

that range. Thus within cases 1 and 2, ¢ = % is optimal.

Case 4 argues that if r < %, maximum bank profit is attained at ¢ = % (1 —2r++1—-4r — 6r2>.
However, case 2 shows that Wz(%) > W; (13—0 (1 —2r++1—4r — 67"2>>. Thus the max-

imum is attained at ¢ = %
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2. Z<r<h:
Here we compare the maximum across cases 1, 3, and 4. Case 1 shows that when
Z < r < §, maximum is attained at ¢ = 3 (2(1 —2r) —+/(4r)?2 —4r + 1), which also
maximizes bank profit over the region covered by case 3. The latter implies
Wi (3 (20 -2r) = VI —4r 1)) 2 Wi} (1= r+ r(r +10) 1),
Since ¢ = % (1 —r+ \/m) maximizes bank profit over the region covered by
Case 4, the maximum is attained at ¢ = 2 (2(1 —2r) —/(4r)%2 — 4r + 1).

1 1.
3. Z<r<§

Here we compare the maximum across cases 3, 4, and 5. Case 3 shows that

Wi <% (1 —r+4/r(r+10) + 1)) > W; (1 —4) = 0. Comparing with case 4 in this re-
gion, and using continuity of the bank profit function at the boundary é <1 —r+/r(r+10) + 1)

yields

%(17T+\/T2+10T+1) ifi<r<rz
" = Proc ifr,<r<mr,

1 ifr, <r<3i
Putting all the regions together leads the final result.

ifo<r<2
(2(1—2r)— (4r)2—4r+1> if2<r<l

o = %(1_r+ r2+1or+1) ifi<r<r, (A.1)

Wi oo

dFoc ifr, <r<mr,
: 1
{ 1 ifrp<r<s
case 4 21y/case 4
where ¢%5 is the solution to dWidi(bwm = 0 with WM}OC < 0. 7, is the value of

re (%, %) such that ¢} (1) = % (1 —r+Vr2 4+ 10r + 1>, r, =~ 0.324 and rj, > r, is the value
of r € (1, 1) such that Wese 4 (g%, 1) = U2 — Wi(1), 7y, ~ 0.477.
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Proof of Proposition 2

We need to calculate the optimal ¢ for the social planner who faces the same friction as the

bank facing the investors. That is, ¢ that maximizes

1 1
D* — ¢R;
WSZQX/ oR; (1—max{1_i,0}> +(1—29) / R;dR;| dR; + rR*
R* max{ D*ljiRi 70}

As the optimal face value of debt changes depending on ¢ and r, we need to consider various

cases, as defined in lemma A.1. Moreover, let

and note that r; < 12—5 We will use 7 later to characterize the optimal ¢°.
Case 1: 0 < ¢ < min{2, 2 (2(1 —2r) — /(4r)2 —4r + 1)}
Here D* = % and R* = 0. Substitute in the planner objective function to get

s 13¢*+36(1 —¢)
V= -9

Since R* = 0, the optimal face value and total surplus are independent of r. Observe that

d2wSs
de?

aws

e 0 and > 0, thus the total surplus is increasing and convex in this region. It

follows that if the socially optimal level of opacity is in this region we will have

2 2

¢S :min{5,3 (2(1 —9r) — /()2 —47‘—1—1)},

or

if0<7"<1l5

¢° =
(2(1—27‘)— (47")2—47"+1) if 2<r<i

Wi ol

Case 2: %S¢§%(1—2r+ 1—47“—6r2>,
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Here D* = %Qﬁ(l = ¢) and R* = 0. Substitute in the planner objective function to get

WS = 5i4 (27 — 4601 — ¢)¢) .

Since R* = 0, again the optimal face value and total surplus are independent of r. Observe

that dW =0at ¢ =5 and dd‘;[g > (, thus the objective function is convex, and the max-
imum is attained on one of the corners, i.e. ¢° = % or ¢° = % (1 —2r++v1—4r — 67’2).
Direct comparison of the planner objective on the two boundaries reveals that W* (%) >
WS< (1 —2r++1—-4r — 67"2)) for 0 < r < % It follows that if the socially optimal

level of opacity is in this region we will have

s_Z
o = <.

Case 3: max{2 <2(1 —2r) —+/(4r)2 —4r + 1) A-Ll<op<i <1 —r+/r(r+10) + 1).
Here, D* — %<1+\/1+12r(1—¢)> and R = L (—4+3¢+«/1+12r(1—¢)), 0 <

R* < 1. Substitute in the planner objective function to get

s _ 6r(27¢ —12)(1 — ¢) — (17— 30r(1 — ¢))y/12r(1 - L+37
- 162(1 - ¢>¢

. . . 21/ S
It is more convenient to consider r < i and r > i separately. When % <r < %, d d‘g; 0

Since the planner objective is convex, maximum is attained at one of the two boundaries. Direct

comparison reveals that 1/ (2 (2(1 - 2r) —(4r)? —4r+ )) < W5 ( (1 —r+ W))

On the other hand, when 1 7 <r< 1, ¢> > 0. Since the planner objective is increasing in ¢,

maximum welfare is attained at maximum relevant ¢, i.e. § (1 —r+/r(r+10) + 1).

Thus if socially optimal opacity is in this region, we have
g 1
¢ =< (1—r+\/r(r+1o)+1)
Case 4: max{+; (1—2r—|— 1—47“—67“2) T (1—’[‘—{—\/’/“(7‘4—10)—{—1)} <¢p<1.

Here, D* is the largest root of equation
—4AD3 + D*2r + ¢+ 1) +r%(p—1) =0,
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and R* = % (D* — (1 - ¢)(1 — %)), 0 < R* < 1. The total welfare is given by

=

—3D*> 4 6D**r + D** (1 — 6r(1 — @) + d(1 + @) + 3D**r3(1 — ¢) — r3(1 — ¢)?

W =
6D*3¢

We consider two cases separately, when r < 1% and when r > %

o r < %:
In this region, & d¢2 >0,Vo>5 ( —2r++v1—4r — 67’2), thus the objective function
is convex and the maximum is attained at one of the two boundaries. The upper boundary

is ® = 1 and the lower boundary is ¢ = 13—0 (1 —2r++1—4r — 67“2>. The total surplus

at the two boundaries is given by

3
S 2 —
WS (= (1—-2r+1—4r— ) =
(10( " oo )
1 2
5T I 2(\/1—27“(37"4—2)—&—1)—|—r<3r+6\/1—2r(3r—|—2)—|—2>,

W3(1) = 1/8(3 +7(2 + 3r)).

Where the first expression uses continuity of social planner objective function on the
boundary 1—30 (1 —2r++v1—4r — 6r2>, and case 2 above. Direct comparison of the two
expressions reveal that there exists a threshold rq, 11 <1} < %, such that the two curves
cross only once at 1, and for r < %, WS< (1 —2r++v1 —4r—6r2)> > W9(1) iff
r < r1. Thus in this range

45 1%(1_27~+ 1—4r—6r2) if0<r<nr

—_

if7“1<7“<12*5

or>%:

In this region, there exists two thresholds, 75 and r3, such that: (1) 4 d ¢2 >0,V ¢ >

%(1—7“—1—\/7'(7”—1—10)—&—1) iﬁ%<r<r2,(2)%>0,v¢>l(l—r—i—\/r (r+10) + )

iff r3 < r <1, and (3) r3 < ry. It follows that for any r <r< 2, either Z >0

) 15 52

or % >0Veo>g (1—r+\/ (r+10) + ) (or both). Thus the maximum of the

objective function is attained at one of the two boundaries.The total surplus at the two
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boundaries is given by

wo (5 (1-r+ ViGTI0 ) =
2(37—%r(5+r— r(r+10)+1>(5+3r—3\/m))
9(5—|—r— r(r+10)+1)(1—r+\/m>
2\/2r<r—\/m+5)+1(5r<r—\/m+5)—17>
9(5+r—rr+10)+1) (1=r+/r(r+10) +1)

WS(1) = 1/8(3 + (2 + 3r)).

_'_

)

Where the first line uses continuity of social planner objective function on the boundary

% (1 —r+/r(r+10) + 1), and case 3 above. Direct comparison of the two expressions
reveal that W9(1) > W* (% (1 —r+/r(r+10) + 1)) if r > Z. Thus in this range

¢% =1

Putting the two cases together,

o 1%(1_27«+ 1—4r—6r2> if0<r<r

1 ifr1<r<%

Case5:0§¢<1—4—1r.

Here R* = 1, thus W*° =r.

Comparison across cases. Next for each r, we compare the optimum across cases. Again

it is easiest to treat 3 ranges separately

L.o<r<Z&:

Here we compare the maximum across cases 1, 2, and 4. Case 1 shows that when
O0<r< %, maximum is attained at ¢ = % Case 2 shows that ¢ = % is also optimal in

that range. Thus within cases 1 and 2, ¢ = % is optimal.

In comparing with case 4, we consider two ranges separately, r < r; and r > r1.
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If r <rq,in case 4 ¢ = 13—0 (1 —2r + \/m> is optimal . Using case 2, WS(%) >
wo (1% (1 —2r++v1—4r— 6r2)>, thus ¢° = 2 in this range.

If r > 71, within the relevant range of case 4, ¢ = 1 is optimal. We need to compare the

welfare with ¢ = %

2
Ws(g) = 37/90,

w(1) = %(7’(37’ +2) +3)

Direct comparison shows that W9(2) > W5(1) iff r <r; = 1 (2 L - 1). Thus in this

range

fo<r<m

¢° =

[l (] )

if?“l<7"<%

2. Z<r<
Here we compare the maximum across cases 1, 3, and 4. Case 1 shows that when
1% <r< %, maximum is attained at ¢ = % (2(1 —2r) —+/(4r)% —4r + 1). Case 3 shows
that W5 (5 (1=r+/rr+10)+1)) = WS (3 (20 -2) = /(@) —4r 1)), and
case 4 shows that W5 (1) > W*° (% (1 —r+ \/W)) in this region. Thus the

maximum is attained at ¢ = 1.

1 1.
Z<I‘<§.

Here we compare the maximum across cases 3, 4, and 5. Case 3 shows that

ws (% (1 — 7+ /r(r+10) + 1)) > W9 (1— ) =r, and case 4 shows that W5(1) >
WS (% (1 —r+/r(r+10) + 1)) in this region. Thus the maximum is attained at ¢ =
1.

Putting all the regions together leads the final result.

fo<r<m

¢° =

=gl

ifrl<r<%
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Whererl:%(Q 1—75—1) <%
Proof of Proposition 3

Proposition 1 shows that for r < rp, ¢* < 1, while 2 shows that for r > r;, ¢ = 1. It follows
that for r € (r;,rp,), ¢* < ¢°, thus bank portfolios are inefficiently opaque.

Next, note that since for r > r;, ¢° = 1, the socially optimal R* and D* coincide,

I+
==

R*(1) = max{min{1, D*(1)},0} = D*(1)

as shown in the main text. Thus R*(1) is monotonically increasing in . On the other hand,

given the equilibrium ¢* in equation (A.1), R*(¢*) is given by

0 it r < %
,r+\/7m+4\/2r<r7 P10} +145) +1-7 .
R (¢") = —r44/r(r+10)+1+1 if3<r<r,
D*qﬁgigc) + 1;;}226‘ (1- D*(¢%OC)) ifr, <r<mr,
\ 1% ifrp<r< %

First, note that r, = %(2\/%— 1) < 1, thus at r, R*(¢*(r))) < R*(1) = 12”. Second,
evaluate R* at r. as defined in proposition 1 to get R*(¢*(r.)) < R*(1;r.) = =, Thus
R*(¢*) < R*(1) for r € (ry,7,). Third, evaluate R* at r; as defined in proposition 1 to get
R (@ () > R*(137) = £5.

Since R*(1;r) = 3~ it is continuous and increasing. Since ¢* is continuous for r > 1, R*(¢*)
is continuous for r > 1 as well, including at r.. Moreover, w = R (¢%00 (1) dhoc(r) >
0. Along with R*(¢*(r;)) < R*(1;r;) and R*(¢*(ry)) > R*(1;ry), it follows that R*(¢*) and
R*(1) cross once in the interval (r,,rp), at © = ry,, such that R*(¢*) < R*(1) for r < r,, and
R*(¢*) > R*(1) for r > rp,. 7y is defined by R*(¢* (1)) = R*(1;74m), rm =~ 0.3287.

A.2 Full Information Derivations

In this section we first introduce some useful notation and concepts, as well as a lemma with

intermediate results. Then we proceed to the proofs.
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Following the main text, with full information, the portfolio of a bank holding ¢ in her

project and (1 — ¢) in the other bank’s project has the following return cumulative distribution

2

72¢(21—¢) ifz<o
H(z¢)=1{ t25(z—%) ifp<z<1—¢ -
1—2)2 .
1—22)(1?@ ifz>1-—¢

In this case, each investor I’s expected payoff is given by
Wit =D(1~H(D,¢))+rH(D,¢),

each bank i’s expected payoff is given by

Wil = /1 [(z—D)aH(z’(ﬁ)} dz,

D 8,2

while total welfare is given by

WSIFI _ /1 [Zang’@] dz +rH(D, ).

D z

Note that H(z;¢) distribution is symmetric around ¢ = %, so we only need to consider the
case 0 < ¢ < % The case % < ¢ < 1 follows by symmetry. The following lemma characterizes
the probability, R¥/FI — H (D, ¢), that an investor liquidates the bank at date 1, as well as
the face value of debt, D*/F1 as a function of the investor’s reservation value, r, and of the

fraction, ¢, that the bank retains of her own project.

Lemma A.2 For any early redemption valuer € (O, %) and any portfolio allocation (¢, (1 — ¢))
that banks hold, the probability, R*FL that an investor liquidates the bank at date 1, as well

as the optimal face value of debt, D*/F1 under full information are as follows:
1. r< %.

(a) ¢ <22 then D*/FT = 4 (r 4+ 1)—3¢ € [¢, (1 — ¢)] and RFT = Lo (5 (r+1) — §9).

(r+2/r2662165)

(b) ¢ > 222 then D*/FT = L1\ /1T =642 + 66 € (r,¢) and R*/FT = 25(=9)

2. r>

=
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(0) 6 <3 (1 —r), then D/ =3 (r+ 1) =30 € [, (1= 9)] and B/ = 15 (3 (r +1) -

(b) ¢>2(1—r), then DFT = 2r 1 L e (1-¢),1) andR*/”=<1—(z<1 ¢>>

Proof. Since ¢ < %, then ¢ <1 — ¢. Thus there are three relevant cases.

Case 1: D < ¢. The expected payoff of each investor is given by

D? D?

I — —— |t
i _D<1 wu—w)* 26(1— 0)

The first order condition with respect to D yields

1

2 _9.D_ _ —
7%@71)(31) 2rD — 2¢ (1 — ¢)) =0,

which has the following solutions

1 1
Dy = -r—=12—-06¢2+6¢ <0

3 3
1 1
Dy, = §T+§ T2*6¢)2+6¢>0

For D to be a feasible solutions, it must verify that » < D < ¢. We have that

2r 4+ 2

3 = Dy < o.

¢ >
At the same time, Dy, < ¢ is sufficient to imply that Dy, > r, as

2 2 1
o> - \/1—2r2:>D>r

5 2

Case 2: D > (1 — ¢). The expected payoff of each investor is given by

The first order condition with respect to D yields

1

m(1)-1)(2r—3D+1):0,
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which admits the following solution

2 1

For D to be a feasible solutions, it is sufficient that it verify that D > (1 — ¢), as (1 —¢) > r.
We have that

D2>(1—¢)<:>¢>§(1—r)

Case 3: D € [¢, (1 — ¢)]. The expected payoff of each investor is given by

FI 1 o 1 ¢
wit=p (1125 (P-5)) rrits (Po5)

The first order condition with respect to D yields

1

S @D =0,

which admits the following solution
1 1
D3 =— 1) — -¢.
3= (r+1) 4

For D to be a feasible solutions, it is sufficient that it verify that D3 < (1 — ¢), D3 > ¢, and
D3 > r. We have that

2
D32¢¢>5(7’+1)2¢
and

2
D3§1—¢®§(1—7’)Z¢-
Note that since 2 (1 —r) > ¢, it follows that D3 > r as well.
[
Proof of Proposition 4

We need to calculate the optimal ¢ for a bank i. That is, ¢ that maximizes

W-Ff:/1 [(z—D)W dz.

¢ D 8,2
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As the optimal face value of debt changes depending on ¢ and r, we need to consider various
cases.
Case 1: r < i & ¢ < 2’”—5*2, and r > i & ¢ < %(1 — 7). From Lemma A.2, we have that

D*/FI — % (r+1)— %(ﬁ. Substituting into the objective function of bank ¢, we obtain that

o o oo (e ) e o - 25

or

1
FI __
ST ey

Taking the first order condition with respect to ¢ yields

(12 (r—1)2+12¢ (r — 1) + 7¢2)

gw.FI = 1

8(;5 i m (12T2 — 127’ — 7¢2 + 14(]3) .

Note that the second order condition with respect to ¢ yields

62 FI 1 2
Wk = (1272127 +7) > 0

which implies that any feasible solution of the first order condition would be a local minimum.
Thus, to find the value of ¢ that maximizes bank i’s objective we need to compare the value of
WiF I evaluated at the corners. In particular, for r < % we need to compare WiF I (2’”—;2, D*/FI 7“)
and WiFI (O, D*/FI r), while for r > % we need to compare WiFI (@, D*/FI 7“) and
W (0’ D*/FI’T>'

Consider first r < i. Then

2r 42 1
Wi (T; ,D*/Fl,r) — W (0,07 ) = s (300 4 Tr? — 167 +7) > 0.

Thus

2r +2
*/Flzi
¢ P

Consider next r > %. Then

2(1—r) 1
L2\ 1) x/FI _ P x/F1 - - o 132
W < D ,7‘) Wit (0,07 r) = —— G D=1
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Thus, if r <rg = %,

2(1—r)
*/F1 e Sl
¢ —
and, if r > rg,

(b*/FI —0.

Case 2: r < i & o> 2"—;2 From Lemma A.2, we have that D*/F! = %rqt%\/rz — 6¢2 + 60.

Substituting into the objective function of the social planner, we obtain that

o7 = Lo ) e ()
! -z
Ll 20

(3r+3vr =65 +6¢)3
¢ (1—9)

or

1 1 1
WiFI—2_<37“+3 T2—6¢2+6¢>+

| =

Taking the first order condition with respect to ¢ yields

2
8 I 2¢_1 1 (T'+ 7’2—6¢2+6¢> 9 5
2 = o v L+ 16207 T (T\/m—i—?)gﬁ —3¢>+r)

which has a unique solution of ¢ = % Note however that the second order condition with

respect to ¢ evaluated at ¢ = % yields

2
& ri 22+ 3 Y CRCTES) (r+ V7= 667+ 60)
W = r| =—
00 " gt (12— 602 +60)7 |,y | 0P 16267 (¢—1)°
2 ¢:%
2
2T2+3 <T+\/7’2*6¢2+6¢) 1
(r? = 6%+ 66)2 |1 (1-9) 81¢ -
which implies that the solution ¢ = % of the first order condition would be a local mini-

mum. Thus, to find the value of ¢ that maximizes bank i’s objective we need to compare

the value of WiF I evaluated at the corners. In particular, we need VViF I (@, D*/FI r) and
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WiFI (%,D*/Fl,r). We show that

Thus,

Case 3: r > 1 & ¢ > %(l—r). From Lemma A.2, we have that D*/¥! = %7" + %

Substituting into the objective function of of bank 7, we obtain that

= L (=) 5 (- 5025)) -

1 2 2\°
e (5 5)

Taking the first order condition with respect to ¢ yields

or

Owrr_ 4 o 33
55V 781¢2(¢—1)2(2¢ 1)(1-rP<o.

Note that the second order condition with respect to ¢ yields

P rr 8 3 (a2
aqs?Wi _81¢3(1_¢)3(1 1) (3¢* =3¢ +1) >0

Thus, bank 7’s expected payoff is always decreasing in this case.

Thus, the derivations in Case 1 and Case 2 imply that for r < i bank ¢’s expected payoff

%, @} Similarly, the derivations in Case 1 and Case 3

2r4+2 2(1—r .
T+’ (3 )}lf

is maximized at ¢*/F1 = min{
imply that for r > % bank i’s expected payoff is maximized at ¢*/F! = min{
r <rpg and at ¢*/FI:Oifr>rH.

Note that for any portfolio allocation (¢, 1 — ¢) that is an equilibrium, the portfolio alloca-
tion (1 — ¢, ¢) is also an equilibrium. This follows from the symmetry of the banks’ portfolio
return distribution in the full information case. We will work with (1 — ¢, ¢) to make it com-
parable with the analysis with incomplete information. Thus, bank i’s expected payoff is

maximized at ¢*/F! = max{%, @} if r <rgand at ¢/ =1if r > rp.
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Proof of Proposition 5

We need to calculate the optimal ¢ for the social planner. That is, ¢ that maximizes

Yr oH
WS/F :/D [zéjd))dz} +rH(D,$).

As the optimal face value of debt changes depending on ¢ and r, we need to consider various
cases.

Case 1: r < 1 & ¢ < ZF2 andr > 1 & ¢ < 2(1—r). From Lemma A.2, we have
that D*/F1 = % (r+1)-— Z¢' Substituting into the objective function of the social planner, we

obtain that

- Ll L)

o)

or

WS/EL = 3612 — 60r¢ + 24r + 13¢° — 366 + 36) .

6019 |

Note that the second order condition with respect to ¢ yields

ﬁwS/FI: 1

——(36r% — 36r +13) > 0,

which implies that any feasible solution of the first order condition would be a local minimum.
Thus, to find the value of ¢ that maximizes welfare we need to compare the value of W5/F1
evaluated at the corners. In particular, for r < l we need to compare WS/F1 (M D*/FI r)
and WS/F1 (O,D*/Fl,r), while for r 2 1 we need to compare W5/F1 ( (1=r) , D*/F1 r) and
WS/FI (O,D*/FI,T).

Consider first r < i. Then

2 4 2 1
WS E (T; ,D*/Ff,r> — WSl (0, D*/FI,T) = — 510360 (907 + 13r% — 64r +13)
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Thus, if r < rp >~ 0.23,

2r +2
S/FI _
oI = (252,

and, if r > rp,

¢S/FI —0.
Consider next r > %
ws/rn (2=1) pren N yysien (o DH/FI r) b o138 —1)’ <0
3 ’ ’ ’ ’ 72 (2r+1)
Thus

Case 2: 7 < i & ¢ > 2"“—;2 From Lemma A.2, we have that D*/F1 = %T+%\/7‘2 — 642 + 6¢.

Substituting into the objective function of the social planner, we obtain that

WSIEL /;/F, [zéi (2415(122—@” dz+/¢l_¢ [z;z <1i¢(2— ‘5))] dz +

L (s )i

or

L <—3¢>2+3¢—2<1r+1 r2—6¢2+6¢>3+3r<1r+1 r2—6¢2+6¢>>2>
60 (1—9) 33 33

Taking the first order condition with respect to ¢ yields

ﬁWS/FI _(2¢-1) (r + /1% = 6% + 6¢>

9 16202 (¢ —1)* \/r2 — 64 + 6¢

(60— 60% +51%) (/66— 667 + 12 1) + 10r° | <0.

>0
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Note that the second order condition with respect to ¢ yields

0% s/FI 1

B 7/ 74 = .

0¢? 2762 (¢ — 1)? (12 + 66(1 — ¢))2 "
>0

(10¢% — 10¢ + 5)r* + (216¢° — 108¢* — 153¢? + 45¢)r% + (18¢* — 36¢° + 18¢?)

;r() >0 >0
>0
3(2¢ —1)% 1074 1 0 ) 1
= 362 — 3¢ + 1
162¢% (¢ — 1) (12 — 642 + 6¢)7 813 (1 — @)’ (3" =30 +1) V1?2 — 642 + 6¢
>0
10 73 9
Fsiga_gy Y
>0

which implies that any feasible solution of the first order condition would be a local minimum.

Thus, the total welfare is always decreasing in this case.

Case 3: 7 > 1 & ¢ > 2(1—r). From Lemma A.2, we have that D*/FI — Zr+ 1.

Substituting into the objective function of the social planner, we obtain that
WS/FI:/l <Za <1_ (1—2)2 ))dz-i-r 1 (l—D*/FI)Q
p/F1 \ 0z 2¢(1 - ¢) 20(1 — )

S/FI _ 1
W = s e-

Taking the first order condition with respect to ¢ yields

or

10r® — 30r% + 81r¢? — 81r¢ + 30r — 10) .

2 S/FI __ 10 . _1)3
T (1-2¢)(r—1)<0.

Note that the second order condition with respect to ¢ yields

O yyser_ 0 (1-7)% (3¢ =3¢ +1) >0
0¢? 81¢° (1 - )’ B

Thus, the total welfare is always decreasing in this case.

Thus, the derivations in Case 1 and Case 2 imply that for r < % social welfare is maximized
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at ¢3/F = # if r <rg and at ¢5/F1 = 0 if » > r7. Similarly, the derivations in Case 1 and
Case 3 imply that for r > % social welfare is maximized at ¢5/F1 = 0.

Note that for any portfolio allocation (¢, 1 — ¢) that is an optimum, the portfolio alloca-
tion (1 — ¢, ®) is also an optimum. This follows from the symmetry of the banks’ portfolio
return distribution in the full information case. We will work with (1 — ¢, ¢) to make it com-
parable with the analysis with incomplete information. Thus,social welfare is maximized at

o/ FI = —3_527" if r <rp and at ¢*/F1 = 1if r > rp.

Proof of Proposition 6

The first of the part of the proposition simply follows as a corollary of Proposition 4 and of
Proposition 5.

For the second part of the proposition, we need to show that for any r € (rr, ), then
R*/FI (¢*/FI) < R*/FI(1),

Since r < rg, we know from Proposition 4 that ¢*/F1 = min{%, @}, and from

Lemma A.2 we have that

12%_‘_2( (+1) %X#) ifTE(T‘L,i]

1
* * = >
R*/FI (¢ /FI) — 2(1 ) (% (r 1) -8 x 2(13—r)> it re (L ry)

Because of symmetry we also have that
R*/FI (¢*/FI _ 1) _ RH/FI <¢*/FI _ 0)

or

1 1 3

R*/Fl(l)—1_0<2(r+1)—4x0)—;(r+1).

It is straightforward to show that

R/ FI (¢*/FI> ~RVFL(1) <.
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Indeed

— (272 —-1) <0 if r € (rp, &
R/ FI (d)*/m) R*/Fl(l){ g (2P +r 1) ! (rr, 1

—47}+2 (2r2=3r+1) <0 ifre(iry)
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