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Limited Liability and Bank Herding

Abstract

We show that limited liability can induce profit-maximizing bank owners to herd with

other banks. When bank loan returns have a systematic factor, the failure of one bank con-

veys adverse information about this systematic factor and increases the cost of borrowing for

the surviving banks relative to the situation of no bank failures. Such information spillover is

costly to profit-maximizing bank owners. Bank owners herd ex ante and undertake correlated

investments to increase the likelihood of joint survival: given limited liability, bank owners

are not concerned about the associated increase in the likelihood of joint failure. Compet-

itive effects such as superior margins from lending to different industries and migration of

depositors of a failed bank to the surviving bank mitigate herding incentives.

J.E.L. Classification: G21, G28, G38, E58, D62.

Keywords: Systemic risk, Contagion, Procyclicality, Information spillover, Inter-bank cor-

relation



1 Introduction

In this paper, we show that limited liability can induce even profit-maximizing bank owners

to herd with other banks. In particular, we examine how the possibility of an information

contagion across banks affects their ex-ante incentives to herd by investing in correlated assets.

Banks have an incentive to herd in our model so that they can survive with other banks and

thereby avoid the information spillover from failure of other banks on their borrowing costs

and in turn on their future profits. Counteracting this herding incentive are the competitive

benefits to banks arising upon the failure of other banks such as superior margins in lending

and migration of depositors of failed banks to surviving banks. The trade-off between the

incentives to herd and to specialize is shown to depend on the anticipated profitability of

corporate sector. If the anticipated profitability is countercyclical, then this trade-off gives

rise to a procyclical variation in the concentration of aggregate bank lending.

In our model, there are two periods and two banks with access to risky loans and deposits

that are borrowed from risk-averse depositors. The returns on each bank’s loans consist of

a systematic component, say a common factor driving loan returns such as an aggregate or

an industry cycle, and an idiosyncratic component. The ex-ante structure of each bank’s

loan returns, specifically their exposure to systematic and idiosyncratic factors, is common

knowledge; the ex-post performance of each bank’s loan returns is also publicly observed.

However, the exact realization of systematic and idiosyncratic components is not observed by

the economic agents. Ex ante, banks choose whether to lend to similar industries and thereby

maintain a high level of inter-bank correlation, or to lend to different industries. If banks

lend to similar industries, their lending margins are eroded relative to the margins they earn

upon lending to different industries.

In the benchmark case, depositors of a bank do not receive any information other than

the performance of their own bank. In this case, banks choose the lowest possible level of

correlation in order to retain their profit margins. Next, we allow depositors to also receive

information about the performance of the other bank. The failure of each bank conveys

potential bad news about the common factor affecting loan returns. Similarly, the good

performance of each bank is good news about the common factor. Depositors rationally

update priors about the prospects of their bank based on the information received about not

only their bank’s returns but also of other banks. In particular, depositors require a higher

promised rate on their deposits if the other bank has failed compared to the state in which

both banks have survived. This is an information spillover of one bank’s failure on the other

bank’s borrowing costs, and in turn on its profits.1 Indeed, if the future profitability of loans

1Empirical evidence on the information spillover from bank failures on other banks’ borrowing costs is

plenty: Carron (1982) shows that the Franklin National failure in New York (and perhaps also the Herstatt

failure in Germany) in mid-1974 led to an increase in the quarterly average spread between US jumbo
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is low, the surviving bank cannot pay the borrowing rate when one bank fails though it can

pay this rate when no bank fails. We interpret this as an information contagion.

We argue that in order to minimize the impact of such spillover on profits, banks alter

their ex-ante investment choices. The greater the correlation between the loan returns of

banks, the greater is the likelihood that they will survive together; in turn, the lower is their

expected cost of borrowing in the future and higher are their expected profits. Consequently,

banks herd by lending to similar industries and increase inter-bank correlation (in excess of

the benchmark case where banks pick uncorrelated investments). Intuitively, banks prefer

to survive together rather than surviving individually. In the latter case, they face the risk

of information spillover. In contrast, given their limited liability, bank owners view failing

individually and failing together with other banks in a similar light. Such behavior of banks

constitutes “systemic risk-shifting” (as referred to by Acharya, 2000) since banks collectively

maximize the value of their equity options by holding correlated portfolios.

As long as the effect of competition on bank margins is not too severe, the above intuition

prevails: banks herd, that is, they choose correlated investments, over a robust set of param-

eter values for the future profitability of corporate sector. Incentives to herd by lending to a

common industry are thus stronger if there is a high concentration of bank lending to that

industry, or, if that industry has experienced a positive technology shock reducing the rate

at which returns-to-scale diminish. Such herding can lead to productive inefficiency as banks

bypass profitable projects in other industries of the economy.

However, herding incentives are weakened if the anticipated profitability of corporate

sector is sufficiently high. In the presence of competition, a given increase in the future

profitability of corporate sector leads to a greater increase in bank profits if they face less

competition in lending. This gives banks an incentive to specialize in terms of which industries

they lend to. If depositors of the failed bank can migrate to the surviving bank (“flight to

quality”), then there is an additional incentive for banks not to herd.

To summarize, when the expected profitability of future lending business is not very high,

banks shy away from situations where information spillover is likely, and herd, giving rise

certificates of deposits (CDs) and 3-month Treasury bills by a factor of at least six. Cooperman, Lee and

Wolfe (1992) examine the effect of the 1985 Ohio Deposit Insurance crisis on the pricing of retail six-month

CDs for a sample of 69 federally-insured Ohio banks and savings and loans. The results indicate a significant

unexpected rise in weekly CD prices for less solvent Ohio depository institutions (lasting approximately seven

weeks). Jayanti and Whyte (1996) estimate statistically significant increases in the average CD rates — at

constant Treasury bill reference rates — for both UK and Canadian banks after the Continental Illinois failure

in the United States in May 1984. Finally, Saunders (1987) also acknowledges that the average spread between

3-month Euro-dollar deposits and T-Bills doubled during the Continental Illinois problem in months of April

and May 1984. An even stronger effect was visible in the average monthly domestic (US) risk premium, as

measured by the difference between 3-month CD rates and 3 month T-Bill rates, which more than tripled

during April and May 1984.
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to high inter-bank correlation. In contrast, when the expected profitability of future lending

business is high, herding incentives are weakened by prospects of large future profits and

the level of inter-bank correlation is reduced. One interpretation of this result is that if the

expected corporate-sector profitability, and by implication, the expected loan returns, are

countercyclical, then the result is that banks herd in good economic times and specialize

in economic downturns. This gives rise to a procyclical variation in the concentration of

aggregate bank lending. We also show that an increase in the likelihood of economic downturn,

a characteristic of business cycle peaks, and an increase in the extent of systematic risk in

the loans, accentuate herding incentives. While there is no conclusive empirical evidence on

the industry-concentration of aggregate credit, we discuss in the paper that our theory is

potentially consistent with the extant evidence, and suggests tests for future empirical work

in this area.

These results arising from the trade-off between herding incentives, induced by limited

liability, and specialization incentives, induced by competitive benefits, are a novel and im-

portant contribution of our paper. While existing theories of bank herding have largely

relied on managerial reputation considerations (for example, Rajan 1994), we show that even

profit-maximizing bank owners may engage in herding. In the managerial herding literature,

relative performance evaluation generates herding behavior: managers can “share the blame”

when they underperform together. In our model, information spillover and limited liability

of banks combine in generating herding behavior: banks can capitalize on reduced borrowing

(or more generally, external finance) costs when they have a good performance together. In

particular, banks may herd even in the absence of any managerial agency problems.

Section 2 discusses the related literature. Section 3 presents the model. Section 4 analyzes

the benchmark case without any information spillover. Section 5 introduces information

spillover, and delivers the results on herding and specialization. Section 6 discusses our work

relative to that on inter-bank linkages and some regulatory issues. Section 7 concludes.

2 Related Literature

The empirical studies on bank contagion test whether bad news, such as a bank failure,

the announcement of an unexpected increase in loan-loss reserves, bank seasoned stock issue

announcements, etc., adversely affect the other banks.2 These studies have concentrated on

2If the effect is negative, the empirical literature calls it the “contagion effect.” The overall finding is

that the contagion effect is stronger for highly leveraged firms (banks being typically more levered than

other industries) and is stronger for firms with similar cash flows. If the effect is positive, it is termed the

“competitive effect.” The intuition is that demand for the surviving competitors’ products (deposits, in the

case of banks) can increase. Overall, this effect is found to be stronger when the industry is less competitive.
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various indicators of contagion, such as the intertemporal correlation of bank failures (Hasan

and Dwyer 1994, Schoenmaker 1996), bank debt risk premiums (Carron, 1982, Saunders,

1987, Cooperman, Lee and Wolfe, 1992, Jayanti and Whyte, 1996), deposit flows (Saunders,

1987, Saunders and Wilson, 1996, Schumacher, 2000), survival times (Calomiris and Mason,

1997, 2000), and stock price reactions (Aharony and Swary, 1983, Swary, 1986, Slovin, Sushka,

and Polonchek, 1992, and 1999, and Lang and Stulz (1992), to cite a few). The most relevant

of this literature to our paper is the one concerning the effect of bank failures on other banks’

debt risk premiums and their ability to borrow (see footnote 1).

Our model of information contagion is close to the models of Chen (1999) and Kodres

and Pritsker (2002). Chen (1999) builds a model with multiple banks with interim revelation

of information about some banks. With Bayesian-updating depositors, a sufficient number

of interim bank failures results in pessimistic expectations about the general state of the

economy, and leads to runs on the remaining banks. In contrast, in our model the information

spillover shows up in both increased borrowing rates and also in bank failures — an aspect

that relates better to the empirical evidence. Kodres and Pritsker (2002) allow for different

channels for financial markets contagion including the correlated information channel. They

focus however on showing that contagion can occur between markets due to cross-market

rebalancing even in the absence of correlated information and liquidity shocks. In contrast,

contagion in our paper results necessarily from the correlated information channel. Neither

of these papers models the endogenous choice of correlation of banks’ investments. On this

front, our paper is closest in spirit to Acharya (2000) who examines the choice of ex-ante

inter-bank correlation in response to financial externalities that arise upon bank failures, and

Acharya and Yorulmazer (2004, 2005) who investigate a similar problem but in response

to “too-many-to-fail” regulatory guarantees. The channel of information spillover that we

examine complements these channels.

Finally, our paper is related to the vast literature on herding. In this literature, herding is

often an outcome of sequential decisions, with the decision of one agent conveying information

about some underlying economic variable to the next set of decision-makers. In Scharfstein

and Stein (1990), for example, herding behavior is driven by managerial concerns for reputa-

tion and involves sequential investments. Herding, however, need not always be the outcome

of such an informational cascade. It can also arise from a coordination game. In our paper,

herding is a simultaneous ex-ante decision of banks to coordinate correlated investments. In

this sense, our paper is closest to Rajan (1994) who also models coordination by “short-

termist” bank managers in announcing losses on loan portfolios and adjusting credit policies.

We view our limited-liability channel of herding under which even profit-maximizing bank

owners have incentives to herd as being complementary to these reputation-based channels.
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3 Model

There are two banks in the economy, Bank A and Bank B, and three dates, t = 0, 1, 2.

The timeline in Figure 1 details the sequence of events in the economy. There is a single

consumption good at each date. Each bank can borrow competitively from a continuum of

risk-averse depositors of measure 1. Depositors consume their each-period payoff (say, w)

and obtain time-additive utility u(w), with u0(w) > 0, u00(w) < 0, ∀w > 0, and u(0) = u. For

ease of notation, we normalize u to 0 in the theoretical analysis. Depositors have one unit

of the consumption good at t = 0 and t = 1. Banks are owned by financial intermediaries,

henceforth referred to as bank owners. Bank owners are risk-neutral and also consume their

each-period payoff.

All agents have access to a storage technology that transforms one unit of the consumption

good at date t to one unit at date t + 1. In each period, that is at date t = 0 and t =

1, depositors choose to keep their good in storage or to invest it in their bank. Deposits

take the form of a simple debt contract with maturity of one period. In particular, the

promised deposit rate is not contingent on realized bank returns. Furthermore, since bank

investment decisions are assumed to be made after deposits are borrowed, the promised

deposit rate cannot be contingent on these investment decisions. Finally, the dispersed nature

of depositors is assumed to lead to a collective-action problem, resulting in a run on a bank

that fails to pay the promised return to its depositors. In other words, the contract is “hard”

and cannot be renegotiated.

Banks choose to invest the borrowed goods in storage or in a risky asset. The risky asset

is to be thought of as a portfolio of loans to firms in the corporate sector. The performance

of a bank’s loan portfolio is determined by the random output of its borrowers at date t+1 :

either the output is High and there is correspondingly a high return on the bank portfolio,

or the output is Low and there is default on bank loans. In case of default, we assume that

for simplicity there is no repayment on bank loans.

This return on bank investments depends on a systematic component, a common factor

affecting loan returns, and an idiosyncratic component. We refer to the common factor as the

overall state of the economy, which can be Good(G) or Bad(B), recognizing that it represents

more broadly any common component of loan returns (such as a sector-specific or a regional

component) that is not perfectly observable. This opaqueness about the bank balance-sheet

and realized returns is critical to our model. Given that a proportion of bank loans is in

fact to small- and medium-sized firms, usually unrated by rating agencies, we believe the

assumption that such an unobservable common factor exists is a reasonable one. The state

of the economy is assumed to persist for both periods of the economy.
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state\return High Low

Good pq p(1− q)

Bad (1− p)(1− q) (1− p)q

Table 1: Joint probabilities of returns and states for an individual bank.

Bank A\Bank B High Low

High SS SF

Low FS FF

Table 2: Possible outcomes from first period investments.

The prior probability that the state is G for the risky asset is p.

State =

½
Good(G) with probability p

Bad(B) with probability 1− p.

Even if the overall state of the economy is good (bad), the return can still be low (high)

due to the idiosyncratic component. The probability of a high return on bank investments

when the state is good is q ∈ (1/2, 1): when the state is good, it is more likely, although not
certain, that the return will be high. The probability that the return is high when the state

is bad is (1 − q). Therefore, the probability distributions of returns in different states are

symmetric. The resulting joint probabilities of the states and bank returns are given in Table

1. For simplicity, we assume that, conditional on the state of the economy, the realizations of

returns in the first and second period are independent. While we allow the promised returns

on bank loans to depend upon t and thus vary over time, for simplicity we do not explicitly

index them to the state of the economy.

We assume that if the return from the first period investment is low for a bank, then there

is a run on the bank, it is liquidated and it cannot operate any further. If the return is high,

then bank owners make the second-period investment. Therefore the possible cases at date

1 are given as follows (Table 2), where S indicates survival and F , failure:

SS : Both banks had the high return, and they operate in the second period.

SF : BankA had the high return, while BankB had the low return. Only BankA operates

in the second period. Bank B depositors invest their second-period goods in storage.

FS : This is the symmetric version of state SF .

FF : Both banks failed. No bank operates in the second period.
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A \ B High Low

High c q − c

Low q − c 1− 2q + c

Table 3: Joint distribution of bank returns in the good state.

3.1 Correlation of Bank Returns

Banks can choose the level of correlation between the returns from their respective investments

by choosing the composition of loans that compose their respective portfolios. We will refer

to this correlation as “inter-bank correlation” and denote it as ρ ∈ [0, 1].3
Suppose Rt is the promised return on the loan portfolio (treated for now as an exogeneous

parameter) when that bank faces no competition in lending to its borrowers. We denote the

random repayment on this loan portfolio as eRt ∈ {0, Rt}. However, when banks operate
in the same industries and compete with each other for corporate loans, they may not be

able to charge this promised return to the firms. Therefore, bank’s return from its risky

investment depends upon the performance of the corporate-sector output and on the extent

of competition the bank faces from other banks.

To model this, we assume that the return on a bank’s investments is θ(ρ)R̃t, where θ(ρ)

captures the effect of competition the bank faces from other banks. In particular, when ρ = 0,

banks invest in different industries and do not face any competition, that is θ(0) = 1. As ρ

increases, banks operate in similar industries and drive each other’s profit margins down, that

is, θ0(ρ) < 0 for all ρ ∈ [0, 1]. We assume that θ(1) > 0. Next, we explain how the correlation
of bank returns affects the joint probabilities of their returns.

The assumed joint distribution of bank returns in different states of the economy is given in

Tables 3 and 4. The joint probabilities vary with c, a parameter, which we show below, maps

one-for-one into the inter-bank correlation ρ. Indeed, the joint distribution representation in

Tables 3 and 4 is the only consistent assumption which is also symmetric between the good

state and the bad state: given c, the probability that one bank has a high return and the

other has a low return must be (q−c) to ensure that the overall probability of high return for
a bank in the good state is q, and, continuing the argument, the probability of both banks

having a low return in the good state must be (1− 2q + c).

3In order to focus exclusively on the choice of inter-bank correlation, we abstract from the much-studied

issue of the banks’ choice of the scale of their loan portfolios and their absolute level of risk. This abstraction

is common to several papers in this literature including the ones on herding due to managerial reputation

considerations.
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A \ B High Low

High 1− 2q + c q − c

Low q − c c

Table 4: Joint distribution of bank returns in the bad state.

The covariance, σab, and the variances, σ
2
a and σ2b , of bank returns can be shown to be

σab = R2
£
c(1− q)2 − 2(q − c)(1− q)q + (1− 2q + c)q2

¤
, (1)

σ2a = σ2b = q(1− q)R2, (2)

where the time subscript has been suppressed. Hence, the correlation of bank returns is

ρ =
σab
σaσb

=
c(1− q)2 − 2(q − c)(1− q)q + (1− 2q + c)q2

q(1− q)

=
c

q(1− q)
− q

1− q
. (3)

It follows that ∂ρ
∂c
= 1

q(1−q) > 0. We assume c ∈ [(2q − 1), q] that gives us ρ ∈ [(1− 1
q
), 1].

Inter-bank correlation ρ is a joint choice of the banks. This assumption is made for

analytical tractability and is innocuous in our context: In our model, this joint choice of

inter-bank correlation is identical to the one that arises from the Nash equilibrium choice of

industries by banks playing a coordination game.

For example, suppose that there are two possible industries in which banks can invest,

denoted as 1 and 2. Bank A (B) can lend to firms A1 and A2 (B1 and B2) in industries 1 and 2,

respectively. If in equilibrium banks choose to lend to firms in the same industry, specifically

they either lend to A1 and B1, or they lend to A2 and B2, then they are assumed to be

perfectly correlated (ρ = 1). However, if they choose different industries, then their returns

are less than perfectly correlated, say independent (ρ = 0). Let E(π(ρ)) be the expected

profit for a bank from the two investments when the inter-bank correlation is equal to ρ. In a

Nash equilibrium, if banks invest in the same industry, then they receive E(π(1)), whereas if

they invest in different industries, that is, in (A1, B2) or (A1, B2), then they receive E(π(0)).

Banks invest in the same industry if E(π(1)) > E(π(0)), and invest in different industries

otherwise.

Thus, for the same level of inter-bank correlation, the identity of the industries banks

invest in does not matter in terms of bank returns. In other words, while there may be multiple

Nash equilibria for the same level of inter-bank correlation, they are payoff equivalent. In

turn, it is sufficient to concentrate analysis on the inter-bank correlation ρ, rather than on

individual industries for banks’ choice.
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Allowing for a choice between several industries in the coordination game can generate a

spectrum of possible inter-bank correlations. To keep the model parsimonious and to incor-

porate a continuum of correlation choices in a straightforward manner, we directly consider

the joint choice of inter-bank correlation by banks and do not model the underlying non-

cooperative game of investing in several industries. We stress here that herding in our model

does not arise due to a coordination issue per se, but arises from the fact that bank profits

can be greater when banks hold more correlated portfolios.

4 Benchmark Case: No Information Spillover

In the benchmark case, depositors observe only their own bank’s past return. As a result,

there is no information spillover between banks. Also, when a bank fails, its depositors

simply invest in storage in the next period. In particular, depositors do not migrate to the

surviving bank (if any), an assumption which does not affect the analysis in this benchmark

case. Though the benchmark case may not be a perfect representation of the real world, it

helps us isolate the effect of information spillover on banks’ choice of correlation. While the

choice of inter-bank correlation is determined by backwards induction, it is easier for sake of

exposition to first examine the investment problem at date 0.

4.1 First Investment Problem (date 0)

In the first period, both banks are identical. Hence, we consider a representative bank. Since

depositors have access to the storage technology, their individual rationality requires that the

bank offers a promised return r0 that gives depositors their reservation utility u(1), assumed

to be 1. Since r0 ≥ 1, it is straightforward to show that it is never optimal for banks to

invest in the safe asset. Given their limited liability, banks maximize their equity “option”

by investing all borrowed goods in the risky asset.4

Thus, depositors are paid the promised return r0 only if the return on bank loans is high.

Because of the limited liability of banks, depositors get nothing when the return on bank

loans is low. The probability of a high return on bank loans, denoted as α0, is

α0 = Pr(G) Pr(R0|G) + Pr(B) Pr(R0|B) = pq + (1− p)(1− q). (4)

4Formally, suppose the bank invests β units in the safe asset and (1−β) units in the risky asset. Then the
payoff in the next period is β+ (1− β)R̃. In the low state, this payoff equals β which must be lower than r0,

the promised amount to depositors, since r0 ≥ 1. Hence, bank owners receive no payoff in this case. In the
high state, the bank’s payoff is β + (1− β)R. Hence, bank owners receive max[R− r0 − β(R − 1), 0], which
is decreasing in β. Since bank owners are risk-neutral and consume each period’s payoff, they always choose

β = 0.
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The promised return r0 is thus given by α0 u(r0) = 1, or

r0 = u−1(1/α0). (5)

We assume that θ(1)R0 > r0, as otherwise the problem at hand is rendered uninteresting.

The payoff to the bank at date 1 from the first period investment, denoted as π1(ρ), is thus

given by

π1(ρ) =

½
θ(ρ)R0 − r0 if R̃0 = R0

0 if R̃0 = 0
. (6)

The expected payoff to the bank at date 0 from its first-period investment, E(π1(ρ)), is thus

E(π1(ρ)) = α0[θ(ρ)R0 − r0]. (7)

Note that this first-period expected payoff is decreasing in the inter-bank correlation.

4.2 Second Investment Problem (date 1)

Recall our simplifying assumption that realizations of returns in the first and second periods

are independent, conditional on the true state of the economy. However, depositors have

more information at t = 1 than they had at t = 0 to judge the profitability of the risky

asset in which their bank invests. Since there is a systematic component in the probabilities

of returns which lasts for both periods, the bank’s past return is relevant information and

depositors rationally update their beliefs in response to this information. In the benchmark

case, depositors can only observe their own bank’s performance. Thus, their posterior belief

is the same when both banks survived (SS) and when only their own bank survived (SF ).

When a bank has the low return, it is liquidated, does not operate in the second period and

thus has a total return of 0 in both states FF and FS.

Observing the survival of their own bank in the first period (S), depositors update the

probabilities about the overall state of the economy using Table 1, to obtain

Pr(G|S) =
Pr(G and S)

Pr(S|G) Pr(G) + Pr(S|B) Pr(B) =
pq

pq + (1− p)(1− q)
, and (8)

Pr(B|S) =
(1− p)(1− q)

pq + (1− p)(1− q)
. (9)

Using these, depositors calculate the probability of a high return for their bank in the second
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period, denoted as αs
1, as

αs
1 = Pr

³
R̃1 = R1|S

´
= Pr(G|S) Pr(R̃1 = R1|G) + Pr(B|S) Pr(R̃1 = R1|B)

=
pq

pq + (1− p)(1− q)
q +

(1− p)(1− q)

pq + (1− p)(1− q)
(1− q)

=
pq2 + (1− p)(1− q)2

pq + (1− p)(1− q)
. (10)

By the individual rationality of depositors, we obtain that

rs1 = u−1(1/αs
1). (11)

Note that αs
1 does not depend on the inter-bank correlation ρ.

Given limited liability, the payoff to each bank at date 2 from the second-period invest-

ment, denoted as πs2(ρ), is given by

πs2(ρ) =


θ(ρ)R1 − rs1 if SS and R̃1 = R1 and θ(ρ)R1 > rs1
R1 − rs1 if SF and R̃1 = R1 and R1 > rs1
0 otherwise.

(12)

Though the depositors cannot condition the interest they demand from their bank on

the other bank’s performance, the promised loan rate the bank can charge to the borrowing

firms depends on whether the other bank operates in the second period or not. If both banks

operate in the second period (SS), then due to competition they can only charge θ(ρ)R1 for

the loans. However, if only one bank operates (SF ), then that bank can charge its borrowers

the rate R1.

Note that if θ(ρ)R1 < rs1, then it is individually rational for depositors not to lend their

goods to banks. Storage is preferred to deposits, since the highest return on loans is insuffi-

cient to compensate depositors for the risk of bank failure.

4.3 Choice of Inter-Bank Correlation

The objective of each bank is to choose the level of inter-bank correlation ρ at date 0 that

maximizes

E(π1(ρ)) +E(π2(ρ))

where discounting has been ignored since it does not affect any of the results. We can write

each bank’s problem as

max
ρ∈[0,1]

Pr(R0) [θ(ρ)R0 − r0] + Pr(R1, SS) [θ(ρ)R1 − rs1]
+ +Pr(R1, SF ) [R1 − rs1]

+

11



where x+ = max(x, 0) and

Pr(R1, SF ) = Pr(G) Pr(R1, SF |G) + Pr(B) Pr(R1, SF |B)
= p(q − c)q + (1− p)(q − c)(1− q)

= (q − c) [pq + (1− p)(1− q)] , and (13)

Pr(R1, SS) = Pr(G) Pr(R1, SS|G) + Pr(B) Pr(R1, SS|B)
= pcq + (1− p)(1− 2q + c)(1− q). (14)

We assume below that θ(1)R1 > rs1 whereby θ(ρ)R1 > rs1 for all ρ, and, in particular,

R1 > rs1. The analysis follows similarly for the case where θ(1)R1 ≤ rs1. We can rewrite the

bank’s problem as

max
ρ∈[0,1]

Pr(R0) [θ(ρ)R0 − r0] + [Pr(R1, SS) θ(ρ)R1 +Pr(R1, SF ) R1]− Pr(R1, S) rs1

where Pr(R1, S) = Pr(R1, SS)+Pr(R1, SF ) = pq2+(1−p)(1−q)2. This probability does not
depend on c, and in turn, does not depend on ρ. The probability Pr(R0) and the promised

interest rates r0 and r
s
1 are also independent of the level of correlation ρ. The returns from the

loans, θ(ρ)R0 and θ(ρ)R1, decrease as the level of correlation increases. Finally, note that as ρ

increases, Pr(R1, SS) increases, therefore, [Pr(R1, SS) θ(ρ)R1 +Pr(R1, SF ) R1] decreases as

well. As a result, bank’s expected profits fall as the correlation rises. This is our benchmark

result:

Proposition 1 In the absence of information spillover, banks choose the lowest level of cor-

relation: ρ = 0.

5 Case with Information Spillover

In this section, we allow depositors to observe both banks’ past performance. Since bank

returns are subject to the same systematic component, the performance of the other bank

is also valuable for depositors in updating their beliefs about their own bank’s profitability.

This is a more realistic representation of the banking system and allows us to investigate the

role of information spillover on the choice of asset correlation.

Note that the first investment problem is exactly the same as the benchmark case. There-

fore we concentrate on the second investment problem.

12



5.1 Second Investment Problem (date 1)

Both banks survived (SS): In this case, both banks operate for another period. With

the information of the survival of both banks in the first period, depositors can update the

probabilities about the overall state of the economy using Tables 3 and 4, to obtain

Pr(G|SS) =
Pr(G and SS)

Pr(SS|G) Pr(G) + Pr(SS|B) Pr(B) =
pc

pc+ (1− p)(1− 2q + c)

=
pc

(1− 2q)(1− p) + c
, and (15)

Pr(B|SS) =
(1− p)(1− 2q + c)

(1− 2q)(1− p) + c
. (16)

Using these, depositors can calculate the probability of a high return for their bank in the

second period, denoted as αss
1 , as

αss
1 = Pr

³
R̃1 = R1|SS

´
= Pr(G|SS) Pr(R̃1 = R1|G) + Pr(B|SS) Pr(R̃1 = R1|B)

=
pc

(1− 2q)(1− p) + c
q +

(1− p)(1− 2q + c)

(1− 2q)(1− p) + c
(1− q)

=
pcq + (1− p)(1− q)(1− 2q + c)

(1− 2q)(1− p) + c
. (17)

By the individual rationality of depositors, we obtain that

rss1 = u−1(1/αss
1 ). (18)

Since αss
1 depends on c, it is a function of the inter-bank correlation ρ. We denote this

borrowing rate as rss1 (ρ).

Thus, the payoff to each bank at date 2 from the second period investment, denoted as

πss2 , is given by

πss2 (ρ) =

½
θ(ρ)R1 − rss1 (ρ) if R̃1 = R1 and θ(ρ) R1 > rss1 (ρ)

0 otherwise.
(19)

Note that if θ(ρ)R1 < rss1 (ρ), then it is individually rational for depositors not to lend their

goods to banks and instead invest in storage.

Only one bank survived (SF or FS): Without loss of generality, we concentrate on the

case SF where Bank A had a high return. From the symmetry of the joint probabilities in

different states and using Tables 3 and 4, we obtain

Pr(G|SF ) = p. (20)
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Essentially, the good news about the economy from the performance of bank A is annulled by

the bad news from the failure of bank B. Excepting the possibility that R1 6= R0 in general,

this case is the same as the first-investment problem where the only information was the prior

belief about the overall state of the economy. Therefore,

rsf1 = u−1(1/α0) = r0. (21)

Observe that while the level of inter-bank correlation ρ affects the cost of borrowing in

the joint survival state, it does not affect the cost of borrowing in the individual survival

state. Also note that the surviving bank does not experience any competition and can earn

the return R1 from the corporate sector. Thus, in this case the payoff to the bank at date 2

from the second period investment, denoted πsf2 , is given by

πsf2 =

½
R1 − r0 if R̃1 = R1 and R1 > r0
0 otherwise.

(22)

5.2 Information Spillover

We can now characterize the spillover from the failure of a bank on the surviving bank. The

surviving bank’s cost of borrowing is higher relative to the state where both banks survive. It

is also higher relative to the benchmark case where other bank’s information is not available to

depositors. This is a negative spillover of a bank’s failure; or, put another way, the survival

of a bank results in a positive spillover on other surviving banks by lowering the cost of

borrowing. This tends to reduce the profits of banks in states where they survive but their

peers fail. In fact, if the profitability of the surviving bank’s investments (level of promised

return on loans R1) is low enough, the increased borrowing cost can render the surviving

bank unviable: depositors “run” on the surviving bank in response to other bank’s failure

since it is better for them to invest in storage than to lend to their bank. The result is an

“information contagion.”5 We use the word “contagion” even though we have only two banks

in our setting since the spillover to the surviving bank is similar in spirit to a contagion with

more than two banks.

Proposition 2 (Information Spillover) ∀ p, q, and ρ ∈ [0, 1],

rss1 (ρ) 6 rss1 (1) = rs1 < rsf1 = r0.

5It is plausible that banks increase their lending rates when faced by an increased borrowing cost. However,

this would ration the bank’s borrowers with project returns that are lower than the lending rate offered by

the bank. Providing that a bank cannot undo completely the decrease in its profits from increased borrowing

rates by increasing its lending rates, this result on information contagion holds. We consider this scenario

reasonable, given the typical diminishing returns to scale faced by banks on lending side.
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Note that the return depositors demand in state SS increases as the correlation in banks’

investments increases (Lemma A.1 in the Appendix). The reason for this is the following:

as correlation increases, the other bank’s high performance when depositors’ own bank has

performed well does not reveal much additional information. In the extreme case where banks

are perfectly correlated, ρ = 1, both banks’ performance will be identical and observing the

other bank’s performance will reveal no additional information: rss1 (1) = rs1.

In the model, at date 0, there is no information about the overall state of the economy

and state SF reveals no additional information either. However, Proposition 2 suggests that

if a period of good news for the banking sector in general is followed by bad news for a few

banks, then other banks’ profits and values could fall due to an increase in the borrowing

costs (rss1 > rsf1 ). Much empirical evidence exists to support such rational updating by

depositors and the resulting information spillover on bank values and borrowing costs.6 It

is worthwhile to point out that what is crucial for our analysis is that bank profits fall as a

result of information updating. While in our model, profits fall due to increase in the cost of

borrowing deposits, this could arise more generally due to an increase in the cost of issuing

subordinated debt and/or equity. This observation is crucial once the possibility of deposit

insurance is considered. We discuss this in more detail in Section 6.

Before exploring the consequences of such information contagion for the endogenous choice

of inter-bank correlation at date 0, the following computation of the expected payoff of banks

from their second-period investment is required. The ex-ante expected second-period return

of bank A (and by symmetry, of bank B) is given by

E(π2(ρ)) = Pr(R1, SS) [θ(ρ)R1 − rss1 (ρ)]
+ +Pr(R1, SF ) (R1 − rsf1 )

+, (23)

where the expressions for Pr(R1, SF ) and Pr(R1, SS) are given in equations (13) and (14),

respectively. We assume henceforth that θ(1)R1 > rss1 (1), which ensures that banks are

viable in the state SS, ∀ ρ. This follows because rss1 (ρ) is increasing in ρ (Lemma A.1 in the
Appendix) and θ(ρ) is decreasing in ρ.

6See footnote 1 and the references in Section 2. In addition, Rajan (1994) examines the effects of an

announcement on December 15, 1989, that Bank of New England was hurt from the poor performance of the

real estate sector and that it would boost its reserves to cover bad loans. He documents significant negative

abnormal returns (−2.4%) for all banks, and that the effect was stronger for banks with headquarters in New
England (−8%). Both of these features are consistent with the analysis of our model. He also documents
significant negative abnormal returns for the real estate firms in general, whereas the negative effect is

stronger for real estate firms with holdings in New England. This suggests that the announcement revealed

information about the real estate sector and more so about the real estate sector in New England, and that

this information was rationally taken into account by investors in their updating process.
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5.3 Choice of Inter-Bank Correlation

In this section, we show that under some conditions banks choose to be perfectly correlated

at date 0 in response to the anticipated information spillover at date 1 when banks fail. If

banks survive together, they subsidize each other’s borrowing costs. To capitalize on this,

banks prefer to invest in assets correlated with those of other banks, for example, by lending

to similar industries or geographic regions. In general, such herding behavior can lead to

productive inefficiency as banks bypass profitable projects in other industries of the economy.

The objective of each bank is to choose the level of inter-bank correlation ρ that maximizes

E(π1(ρ)) +E(π2(ρ))

where E(π1(ρ)) equals Pr(R0) [θ(ρ)R0 − r0] and E(π2(ρ)) is given by equation (23).

Suppose that θ(ρ) = 1 − δρ with δ ∈ [0, 1). Note that this specification satisfies the
previous assumptions: θ(0) = 1, θ0(ρ) = −δ < 0 and θ(1) = 1− δ > 0. Then, we obtain the

following result on ex-ante herding by banks.

Proposition 3 (Herding) ∃ δ∗ and maps R∗1(δ) and R∗∗1 (δ) such that ∀ δ < δ∗, R∗1(δ) ≤
r0 < R∗∗1 (δ), and

(i) ∀ R1 ∈ [R∗1(δ), R∗∗1 (δ)), banks choose to be perfectly correlated, that is, ρ = 1;
(ii) ∀ R1 ≥ R∗∗1 (δ), banks choose correlation ρ < 1 and this correlation decreases in R1.

Furthermore, R∗∗1 (δ)→∞ as δ → 0, and R∗∗1 (δ) is decreasing in δ.

That is, if competition amongst banks in lending to a common set of industries does not

erode their lending margins too rapidly, then herding occurs over a robust set of parameter

values for the second-period profitability of these industries.7 In fact, we show in the Appendix

that even when R1 < R∗1(δ), the equilibrium value of ρ diminishes from 1 to 0 as R1 declines,
so that its level still exceeds the equilibrium level in the benchmark case with no information

spillover. Recall that in the benchmark case, banks chose ρ = 0.

While the proof of this proposition can be found in the Appendix, we provide an intuitive

explanation of our result based on the special case where δ = 0, that is, θ(ρ) = 1 for all

ρ ∈ [0, 1]: competition does not have any effect on bank loan returns.
First consider the case where θ(ρ) = 1 and R1 ≥ r0. Since there is no competition, E(π1)

is independent of ρ. Thus, banks would choose to be perfectly correlated provided E(π2(ρ))

in equation (23) is increasing in ρ. For the economy studied thus far, this condition holds

7If each bank chooses from one of two possible industries to lend to, then Proposition 3 would imply that

over the range R1 ∈ [R∗1(δ), R∗∗1 (δ)), banks choose to lend to the same industry, and above the critical value
R∗∗1 (δ), banks start differentiating or specializing by lending to different industries.
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Bank A \ Bank B High Low

High πss2 > πsf2 πsf2
Low 0 0

Table 5: Bank A’s expected second-period profits based on the first-period outcomes.

always: as we argue below, the expected cost of attracting depositors in the second period is

minimized when banks are perfectly correlated.

We can rewrite expected second-period profits as

E(π2(ρ)) =
£
pq2 + (1− p)(1− q)2

¤
[R1 − (λ(ρ)rss1 (ρ) + (1− λ(ρ))r0)] ,where (24)

λ(ρ) =
pcq + (1− p)(1− q)(1− 2q + c)

pq2 + (1− p)(1− q)2
, (25)

and c is positively related to ρ as in equation (3). That is, the expected second-period profits

are the expected return on bank loans minus the expected borrowing cost in the second

period. This expected borrowing cost is a weighted average of the costs of borrowing in

the states SS and SF , that is, rss1 (ρ) and r0, with the respective weights being λ(ρ) and

(1 − λ(ρ)). These weights, up to a constant, are simply the probabilities of being in the

states SS and SF , respectively. Thus, the expression above makes it clear that the level of

inter-bank correlation enters the expected return of a bank through the promised interest

rates and through the probabilities of joint and individual survival states.

First, the limited liability of banks plays a crucial role. The information spillover of a

bank’s failure makes it less attractive for a bank to survive in an environment where the other

bank fails than to survive when the other bank also survives. To capitalize on this relative

benefit, each bank seeks to increase inter-bank correlation, which increases the likelihood

of joint survival (state SS) relative to the likelihood of individual survival (state SF ). In

so doing, however, the likelihood of joint failure (state FF ) also increases relative to the

likelihood of individual failure (state FS). Since banks have limited liability in failure, this

latter shift in probabilities does not affect bank owners’ welfare. Hence, the interaction

of limited liability of banks and the information spillover of bank failures leads to ex-ante

herding by banks. Such behavior of banks constitutes “systemic risk-shifting,” (as referred

to by Acharya, 2000) since banks collectively maximize the value of their equity options by

holding correlated portfolios. This intuition is captured in the expected second-period profits

of bank A under different first-period outcomes, shown in Table 5.

Furthermore, the risk-aversion of depositors plays a crucial role. On the one hand, increas-

ing inter-bank correlation helps banks benefit from more frequent joint survival. However,

conditional upon joint survival, the cost of borrowing is rss1 (ρ), which is increasing in inter-

bank correlation ρ: survival of both banks is not as good news about the state of the economy
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if banks are more correlated as when they are less correlated. Formally, relative bank profits

between joint survival and individual survival states, [πss2 (ρ)−πsf2 ], are a decreasing function

of ρ, because πsf2 is independent of ρ. At first blush, this might suggest that banks would

resist choosing the highest possible level of inter-bank correlation. However, as long as depos-

itors are risk-averse, i.e., u00(·) < 0, they have to be paid an extra risk-premium by the banks
in state SF (relative to state SS) for the increase in expected likelihood of failure. Due to

this extra risk-premium, the decrease in relative profits [πss2 (ρ)− πsf2 ] as ρ increases is more

than offset by the corresponding decrease (increase) in the relative likelihood of individual

(joint) survival state SF (SS). Hence, herding takes the extreme form of ρ = 1 whenever

depositors are risk-averse and R1 > r0.
8

Formally, expected bank profits are equal to expected loan returns minus the weighted

average cost of borrowing in states SS and SF , the weights being the probabilities of these

states, λ(ρ) and (1−λ(ρ)), respectively (up to a multiplicative constant). With risk-neutrality
of depositors, this weighted average of rsf1 (= r0) and r

ss
1 (ρ) is independent of ρ, and as a result,

banks remain indifferent between alternate choices of inter-bank correlation. That is,

λ(ρ)rss1 (ρ) + (1− λ(ρ))r0 = rss1 (1), ∀ρ, where rss1 (ρ) =
1

αss
1 (ρ)

, and r0 =
1

α0
. (26)

These facts imply that λ(ρ) = ( 1
αss1 (1)

− 1
α0
)/( 1

αss1 (ρ)
− 1

α0
).

With risk-averse depositors, the extra premium to be paid on deposits makes r0 high

enough that the weighed average cost of borrowing is minimized when the inter-bank corre-

lation is highest. Let u−1 = v. Then, it follows that v(·) is convex, and rss1 (ρ) = v( 1
αss1 (ρ)

),

and r0 = v( 1
α0
). We know that αss

1 (ρ) ≤ αss
1 (1) < α0. These are simply the facts that (i)

rss1 (ρ) is increasing in inter-bank correlation ρ, and (ii) there is information spillover. With

risk-aversion, the average borrowing cost employs the same weight λ(ρ) as in the case of risk-

neutrality: the weight λ(ρ) is determined by the distribution of the joint returns of banks

8Under our assumed two-point return distribution for each bank, the information spillover arises precisely

when a bank fails. We might, however, consider the implications of assuming a continuous return distribution.

In this case, the information event that leads depositors to update their beliefs about the state of the economy

need not only be bank failures. In fact, any combination of realizations of bank profits leads to rational

updating by depositors. The overall spillover nevertheless remains qualitatively similar. The bank with

superior performance always suffers some information spillover due to the relatively inferior performance of

the other bank. To summarize, date 1 in our model could be considered simply an “information event” that

leads to rational updating by depositors. The resulting revision of borrowing costs would affect bank profits

as long as banks require additional financing.
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and is independent of depositors’ utility function. It follows now that ∀ρ,

λ(ρ)rss1 (ρ) + (1− λ(ρ))r0 = λ(ρ) v

µ
1

αss
1 (ρ)

¶
+ (1− λ(ρ)) v

µ
1

α0

¶
(27)

= v

µ
1

α0

¶
+ λ(ρ)

·
v

µ
1

αss
1 (ρ)

¶
− v

µ
1

α0

¶¸
(28)

> v

µ
1

αss
1 (1)

¶
= rss1 (1), (29)

since the convexity of v(·) implies that

λ(ρ) =

³
1

αss1 (1)
− 1

α0

´
³

1
αss1 (ρ)

− 1
α0

´ >

h
v
³

1
αss1 (1)

´
− v

³
1
α0

´i
h
v
³

1
αss1 (ρ)

´
− v

³
1
α0

´i . (30)

It turns out that this intuition also applies to the case where R1 < r0. However, in this

case, πsf2 ≡ 0 and banks have a preference to be correlated but not perfectly so. The expected
second-period profits are now

E(π2(ρ)) = Pr(R1, SS) [R1 − rss1 (ρ)] . (31)

On the one hand, by increasing correlation banks increase the probability on SS state relative

to the spillover state SF . However, the cost of borrowing in SS increases too and diminishes

the profits in state SS. Suppose for instance that banks pick ρ such that R1 = rss1 (ρ). This

diminishes profits in state SS to a point where they are zero. If correlation is increased any

further, depositors do not supply funds to banks even in state SS. In anticipation, banks

lower their correlation. Formally, we obtain that for R1 ≤ r0, banks choose a correlation ρ

that is increasing in R1 with ρ = 1 for R1 = r0.

Combining the two cases above, we obtain that there exists R∗1 ≤ r0, a critical level of

second-period promised return R1, such that for all R1 ≥ R∗1, banks choose to be perfectly
correlated. The argument for general case in the proposition with δ > 0 follows along similar

lines once it is recognized that for a given value of R1 (similarly δ), the equilibrium choice of

ρ is a decreasing function of δ (similarly R1). In turn, as long as δ is not too large, banks

choose to be perfectly correlated for all R1 between r0 and a critical threshold R∗∗1 (δ), but
prefer lower levels of inter-bank correlation as R1 rises above this threshold. Intuitively, in the

presence of competition, a given increase in the future profitability of corporate sector leads

to a greater increase in bank profits if they face less competitive margins in lending. This

gives banks an incentive to specialize with respect to other banks in terms of which industries

they lend to. Thus, for a given level of bank competition, banks lend to similar industries
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at moderate levels of anticipated profitability of corporate sector, but start differentiating or

specializing if corporate sector prospects improve sufficiently.

In the next section, we show that if depositors of the failed bank choose rationally between

lending to the surviving bank and investing in storage, then herding incentives are further

mitigated when R1 is greater than r0.

5.4 Flight to Quality

Suppose in state SF , the depositors of the failed bank can migrate to the surviving bank.

Clearly, such a migration is individually rational for depositors only if the surviving bank is

viable, that is, if it has profitable opportunities whose returns exceed the promised deposit

rate in some states of the world. We call such migration “flight to quality” since depositors

migrate from a failed bank that had a poor realization of loan returns to a surviving bank

that had better quality of loan performance (and that is also expected to be viable in future).

Empirical evidence supports such migration while also indicating that when information

contagion is sufficiently severe investors flee the banking sector as a whole, taking their

deposits with them.

Saunders and Wilson (1996), for example, examine deposit flows in 163 failed and 229

surviving banks over the Depression era of 1929—1933 in the U.S. They find evidence for flight

to quality for years 1929 and 1933: withdrawals from the failed banks during these years were

associated with deposit increases in surviving banks. However, for the period 1930—1932,

deposits in failed banks as well as surviving banks decreased, which the authors interpret as

evidence for contagion. Importantly, the deposit decrease in the failed banks exceeded those

at the surviving banks, most likely a manifestation of rational updating of beliefs about bank

prospects by informed depositors. In another study, Saunders (1987) studies the effects on

the other banks’ deposits due to two announcements regarding an individual bank in April

and May 1984. While the first announcement did not have a significant effect, the second one,

made by the U.S. Office of the Comptroller of the Currency, resulted in a flight to quality.

With such flight to quality, the surviving bank receives total deposits of two units when

it is the only surviving bank, rather than its previous allocation of one unit. The expected

second-period profits of banks, denoted as E(πFQ2 ), are given as:

E(πFQ2 (ρ)) = E(π2(ρ)) + Pr(R1, SF ) (R1 − r0)
+, (32)

where Pr(R1, SF ) is given by equation (13). The expected profits in the absence of depositor

migration are augmented by the increase in scale of the surviving bank, provided depositors

migrate, that is, if R1 > r0. Thus, when R1 ≤ r0, the equilibrium outcomes with flight to

quality are exactly identical to those under the case analyzed so far.
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For R1 > r0, in addition to the competitive effect on margins, there is a disincentive to

herd because of the additional profits in state SF . This can be seen by observing that

∂E(πFQ2 )

∂ρ
=

∂E(π2)

∂ρ
− (pq + (1− p)(1− q))

dc

dρ
(R1 − r0) . (33)

Even in the parameter space where the first term on the right hand side of equation (33) is

positive (as characterized in Proposition 3), the effect of flight to quality through the second

term can weaken the herding incentives.

Proposition 4 (Flight to Quality) Consider δ∗ and the maps R∗1(δ) and R∗∗1 (δ) as in
Proposition 3. If depositors of a failed bank can migrate to the surviving bank, then ∃ a
map R∗∗∗1 (δ), such that ∀ δ < δ∗, R∗1(δ) ≤ r0 < R∗∗∗1 (δ) ≤ R∗∗1 (δ), and

(i) ∀ R1 ∈ [R∗1(δ), R∗∗∗1 (δ)), banks choose to be perfectly correlated, that is, ρ = 1;

(ii) ∀ R1 ≥ R∗∗∗1 (δ), banks choose correlation ρ < 1 and this correlation decreases in R1.

Furthermore, R∗∗∗1 (δ) is decreasing in δ.

5.5 Comparative statics

To illustrate numerically the trade-off between herding incentives, induced by limited liability,

and specialization incentives, induced by competitive benefits, we consider u(c) = 1
A
(1−e−Ac),

A > 0.9 Furthermore, a derivation of analytical results on comparative statics with respect to

interesting parameters of the model, such as the likelihood of the good state of the economy

(p) and the systematic risk of the loans (q), gets unwieldy in our setup. Hence, we provide

some numerical examples to study these effects as well. In the benchmark case, we set

A = 0.5, R0 = 3.5, p = 0.25, q = 0.65, δ = 2.5%. We plot the inter-bank correlation choice,

ρ∗, as a function of R1, the future profitability of loans.

Figure 2 illustrates the basic trade-off between herding and specialization incentives. It

also illustrates the effect of competition on these incentives by varying the parameter δ. For

δ = 0 and δ = 2.5%, inter-bank correlation increases from its minimum value to the maximum

value of 1 as R1 increases upto a high critical value, denoted in Proposition 4 as R
∗∗∗
1 (δ). In

this region, R1 is either below r0 in which case banks make profit only in state SS, or R1 is

not large enough for specialization incentives (avoiding competition in lending margins and

benefitting from flight to quality) to be dominant. In either case, bank herding incentives rise

as R1 increases upto R
∗∗∗
1 (δ) because this leads to an increase in profits in state SS without

9Note that under this utility function, u = 1
A (1 − e−A), which is not equal to 0 (as was assumed in

our theoretical analysis for notational parsimony). Our results are however not affected by this simplifying

assumption.
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a significant effect on profits in state SF . However, when R1 crosses R
∗∗∗
1 (δ), the flight-to-

quality effect mitigates herding and eventually brings it back to its minimum value. At higher

values of δ, e.g., at δ = 5%, herding incentives weaken due to greater erosion of bank profits

from competing in similar industries, and banks do not attain the highest correlation level

for any value of R1. This corresponds to δ being greater than δ∗ in Propositions 3 and 4.

In Figure 3, we study the effect on herding incentives from varying p, the unconditional

likelihood of the good state of the economy. We focus on the range of R1 values over which

banks choose not to pick the lowest level of correlation. We see that for lower p (value of

0.15 instead of 0.25), herding incentives prevail over a larger range of R1. Intuitively, as the

likelihood of good state of the economy declines, bank’s borrowing cost rises and information

spillover worsens. As a result, banks survive in state SF only for higher values of R1, and

even for these higher values of R1, herding is less quickly ameliorated by competitive benefits.

Similarly, in Figure 4, we study the effect of varying q. Recall that q is inversely related

to the extent of idiosyncratic risk of returns on bank loans. Intuitively, as idiosyncratic

risk of bank loans decreases, information spillover worsens and herding is dominated by

specialization incentives only if the profitability of future loans is extremely high. Consistent

with this intuition, we find that at high q (value of 0.65 against 0.60), bank herding incentives

prevail over a larger range of future profitability of loans. A possible interpretation of this

finding concerns the effect of the failure of large banks whose portfolios are typically well-

diversified, and in turn, contain little idiosyncratic risk. The information spillover arising

from the failure of such a bank is severe since it primarily conveys information about the

state of the economy. Consistent with this interpretation, Slovin, Sushka, and Polonchek

(1999) found that regulatory actions against money center banks (big banks, well diversified,

higher q) had negative contagion-type effects on other money center banks. By contrast, the

actions against regional banks (less diversified, more idiosyncratic risk, low q) had positive

competitive effects on geographical rivals.

5.6 Interpretation: Procyclicality of Herding

We provide below a possible interpretation of Propositions 3 and 4, and the numerical results

of Section 5.5. To summarize these results, when the expected profitability of future lending

business is not very high, banks shy away from situations where information spillover is

likely, and herd, giving rise to high inter-bank correlation. In contrast, when the expected

profitability of future lending business is high, herding incentives are weakened by prospects

of large future profits and the level of inter-bank correlation is reduced. One interpretation

of this result is that if the expected corporate-sector profitability, and by implication, the

expected loan returns, are countercyclical, then the result is that banks herd in good economic

times and specialize in economic downturns. This gives rise to a procyclical variation in the
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concentration of aggregate bank lending.

It is reasonable to expect other parameters of our model to also vary over the business

cycle. For example, at business cycle peaks, the likelihood of being in a bad state of the econ-

omy in future may be higher. Figures 3 and 4 illustrate that herding incentives are stronger

(in terms of the range of values of R1 for which banks choose high inter-bank correlation)

when the likelihood of bad state of the economy is high (p low) and when the systematic risk

of loans is high (q high). These results further strengthen our interpretation of Proposition

4 as procyclicality of herding.

Historical evidence on bank lending and its fluctuations suggests that the level of ag-

gregate bank lending is pro-cyclical. For instance, Berger and Udell (2002) document this

phenomenon though they attribute it to behavioral explanations such as the “institutional

memory loss.” Unfortunately, studies that investigate the industry concentration of aggre-

gate bank lending, and in particular, the relationship between banks’ asset correlations and

the business cycle, is sparse. We discuss below the little extant evidence.

Mei and Saunders (1997) demonstrate that investments in real-estate by U.S. financial

institutions have tended to be greater precisely in those times when the real-estate sector

looked less attractive from an ex-ante standpoint. The ex-ante predictor of real-estate sector

outlook is constructed using the historical returns on traded real-estate investment trusts

(REITs) and exhibits a mean-reverting cyclical pattern. While they document a “trend

chasing” behavior for the real-estate sector, it is an open empirical question whether one

observes a similar pattern in other industries, and therefore, whether one can generalize their

result to the aggregate concentration of bank lending.

Hoggarth and Pain (2002) document that the growth in bank loans to real estate and

construction sectors in the United Kingdom rose disproportionately in the boom period of

the economy: in the period December 1987 to December 1989, lending to these sectors grew

by 55% and 40% respectively, compared to around 25% for other sectors. However, in their

analysis, they do not employ ex-ante measures of risk and return. Thus, it is hard to conclude

whether this increase in concentration was efficient from an ex-ante point of view or was just

a result of inefficient bank herding.

Dell’Ariccia and Garibaldi (2003) find evidence for excess credit reallocation in the United

States during the period 1979 to 1999, measured as the sum of gross credit flows in excess

of net changes in the aggregate level of credit, is countercyclical: excess credit reallocation is

negatively correlated to the U.S. GDP fluctuations and the result is stronger for real-estate.

However, such credit reshuffling may arise simply from banks cutting loans to unsuccessful

sectors and reallocating credit to profitable ones. Thus, again as in Hoggarth and Pain

(2002), it is hard to tell whether banks’ behavior was efficient or was just a result of inefficient

23



herding.10

Our analysis suggests that when the expected future return on bank investments (R1) is

not very high, the expected benefit to banks in differentiating from other banks is not large

and herding incentives dominate so that banks lend more to a common industry. This effect is

stronger if bank margins are unlikely to be affected significantly by competition in lending to

a common industry. This suggests that banking sectors that are highly concentrated should

be more prone to herding. In a similar vein, all else being equal, an industry with a greater

concentration of banks is likely to be the industry banks herd on. Finally, if an industry

experiences a technology shock whereby the demand for bank funds in the industry rises

steeply, then banks are more likely to herd on such an industry: as demand is high, bank

margins do not get eroded quickly upon herding in this industry. In contrast, when the future

profits from bank investments are attractive (higher R1), the consequent expected benefit of

survival when other banks fail, for example, through an increase in the scale of business,

mitigates herding and in fact can be sufficient to induce banks to differentiate.

Unfortunately, as we argued, while the existing evidence is potentially consistent with

our implications, empirical studies that specifically focus on asset correlation of banks and

in particular its relation with the business cycle is almost non-existent. More direct docu-

mentation of the correlation between bank loan portfolios is necessary to provide additional

evidence about the extent of herding in a banking sector and its interaction with competitive

benefits to banks from specialization. Our theoretical results provide a possible guidance to

the likely trade-offs an empiricist should examine in such an investigation.

6 Discussion

In this section, we discuss the robustness of our results to the presence of deposit insurance,

uninsured bank funding, inter-bank linkages, and transparent bank disclosures.

6.1 Deposit Insurance and Uninsured Bank Funding

If banks are funded only by insured deposits, then their cost of borrowing would be rendered

insensitive to fluctuations in bank’s health. In turn, information spillovers of the sort we

10In another related paper, Nicolo and Kwast (2001) document that the creation of large and complex

banking organizations has increased the extent of diversification at the individual bank level and decreased

the individual bank’s risk. However, they document that this has led to a greater correlation of bank stock

returns and suggest that “Troubles at a single bank could easily generate investor perceptions of similar

troubles at other big banks.” However, they do not investigate the relation between these asset correlations

and the business cycle.
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described would be irrelevant. Formally, suppose a proportion x ∈ [0, 1] of bank deposits
are insured and the rest are uninsured deposits. Then, if the bank performs well, depositors

receive the promised return of r, whereas if the bank performs poorly, depositors receive x

units from the deposit insurance fund. It is straightforward to show that as the proportion of

insured deposits x increases, the sensitivity of the promised deposit rate r to the probability

of success α decreases. Also, as x increases, the difference between borrowing rates in the

individual and joint survival states, given as (rsf1 − rss1 ), decreases. This, in turn, weakens

the effect of information spillovers.

However, the provision of deposit insurance is only partial in most countries. Some coun-

tries do not have deposit insurance (e.g., Australia, New Zealand, and Malaysia) while the

coverage is limited in almost all countries that have insurance schemes (e.g., in the U.S.,

deposits are insured upto $100000, and in the U.K., upto $20,000).11 As long as deposits are

not fully insured and banks do access sizable quantities of uninsured deposits and other unin-

sured forms of capital (such as subordinated debt), our results continue to hold. For example,

in the U.S., the proportion of funding that is FDIC-insured is only 31% and 62% for large and

small banks, respectively, illustrating the importance of uninsured forms of bank funding.12

Increasingly, banks have employed subordinated debt as a form of funding and this debt is

typically not insured. Crucially, interest rates on subordinated debt respond to information

pertaining to the bank’s health. Empirical studies have documented a significant correlation

between bank-specific risks and secondary-market subordinated debt spreads, especially in

the post-FDICIA period in the U.S. starting in 1991.13 Recognition of such risk-sensitive

11As Jayanti and Whyte (1996) note in their study of UK and Canadian banks after the Continental

Illinois failure: “ In reality, however, deposit insurance schemes vary across countries in terms of, inter alia,

the extent of coverage (maximum amount per deposit or per customer), scope of coverage (whether foreign

banks and foreign offices of domestic banks are covered), the types of deposits covered (whether residents’ and

non-residents’ deposits and foreign currency deposits are covered), and premium structure (flat premium or

risk-based premium). Furthermore, absence of an explicit deposit insurance scheme may result in a contagion

effect... In all the countries where deposit insurance is in existence, ceilings on the amount of deposits insured

are imposed... Thus, although the presence of deposit insurance reduces fear of loss by insured depositors,

the uninsured depositors may still incur losses in the event of a bank failure. The market’s perception of the

extent to which uninsured depositors are likely to suffer losses may significantly influence the market reaction

[to bank failures].”
12See, for example, the presentation by George Pennacchi, University of Illinois at Urbana Champagne,

at www.business.uiuc.edu/gpennacc/f461n02.ppt. Specifically, the information is obtained from the FDIC

website http://www2.fdic.gov/SDI/SOB/ under the “Estimated Insured Deposits” field in Reports for the

categories “National”, “Asset Size”, and “Deposit Liabilities”.
13See, for example, Covitz, Hancock and Kwast (2004) for the period 1985-1987 and Jagtiani, Kaufman, and

Lemieux (2000), DeYoung et al. (2001), Hancock and Kwast (2001), and Morgan and Stiroh (2001) for the

post-FDICIA period. The bank-risk measures related to subordinated debt spreads in these studies include

nonaccruing loans to assets, past due loans to assets, the ratio of (book) equity to assets, the ratio of total

(book) liabilities to the market value of common stock plus the book value of preferred stock, cardinalized
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marginal sources of bank funding implies that bank failures affect surviving banks’ cost of

borrowing even in the presence of partial deposit insurance.

To summarize, in a world with deposit insurance, information spillovers from bank fail-

ures would still arise, but their effect on bank profits would be restricted to the amount

of uninsured bank debt. To this extent, deposit insurance only partially mitigates ex-post

information spillover, and in turn, ex-ante herding. Furthermore, any analysis of deposit

insurance must account for an important cost: the lack of incentives for insured depositors

to differentiate between sound and unsound banks which reduces the competitive (flight to

quality) benefits to banks.

6.2 Inter-Bank Linkages

Rochet and Tirole (1996), Allen and Gale (2000), and Dasgupta (2000), to cite a few, consider

contagion arising from inter-bank linkages such as inter-bank deposits that provide liquidity

insurance to banks. As such, the precise mechanism through which contagion or spillover

take place do not affect the main thrust of our herding results. However, a series of recent

empirical papers14, suggest that the inter-bank linkage channel may not have as much “bite”

as the theoretical literature has assumed so far. These studies estimate the matrix of bilateral

exposures among banks and do not find significant potential for failures resulting from inter-

bank linkages. In addition, Elsinger, Lehar and Summer (2003) show that among the sources

of systemic risk the direct effects from correlated exposures of banks are far more important

than contagion effects. Our paper is an attempt towards understanding the factors that affect

banks’ choice of correlated exposures in their asset portfolios.

6.3 Information Disclosure

The release of bank-specific information can mitigate information contagion, since depositors

would know the realization of systematic and idiosyncratic shocks in causing the bank failures.

Gorton (1985), Gorton and Mullineaux (1987), and Park (1991) discuss how the spreading

of banking panics was prevented by the disclosure of bank-specific information in the 19th

century in the United States. One of the methods used was a selective closure of banks. This

Standard and Poor’s or Moody’s bond ratings, supervisory ratings and portfolio shares for lending. Moreover,

the National Depositor Preference Act of 1993 lowered the liquidation standing of bank subordinated debt,

which had a positive effect on the subordinated debt market’s sensitivity to bank-specific risks. Furthermore,

Morgan and Stiroh (1999), using data for the 1993-98 period, found that the relationship between issuance

bond spreads and bond ratings was about the same for banks as it was for other corporate firms.
14See, for example, Sheldon and Maurer (1998) for Switzerland, Furfine (1999) for the United States, Upper

and Worms (2000) for Germany, and Wells (2002) for the United Kingdom.
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revealed the information that the banks that were let to continue operation were healthy. This

restored confidence and prevented contagion, the spreading of the panic to healthy banks.

Our analysis yields the novel prediction that by reducing the likelihood of contagion, such

information disclosure should also reduce the ex-ante herding incentives of banks and add

further systemic stability to the banking sector.

7 Conclusion

This paper showed that limited liability can induce profit-maximizing bank owners to herd

with other banks. To avoid information spillover resulting from bank failures, bank owners

herd ex ante and undertake correlated investments to increase the likelihood of joint sur-

vival: given limited liability, bank owners are not concerned about the associated increase in

the likelihood of joint failure. Competitive effects such as superior margins from lending to

different industries and migration of depositors of a failed bank to surviving banks mitigate

such herding incentives. This trade-off between herding incentives, induced by limited liabil-

ity, and specialization incentives, induced by competitive benefits, is a novel and important

theoretical contribution of our paper.

Our model also provides a way of jointly studying various aspects of systemic risk, the risk

that banks may fail together. While most studies of systemic risk and financial fragility are

concerned with the ex-post effects of bank failures, our paper demonstrates that analyzing

the ex-ante response of limited-liability banks to these effects is important. The extent of

herding can be considered the ex-ante aspect of systemic risk: It affects the likelihood of

joint failure of banks, but also affects and is affected by the extent of information spillover,

which can be considered the ex-post aspect of systemic risk. The lack of exhaustive empirical

evidence on the extent of bank herding, its causes, and the nature of its variation over the

business cycle suggests that further investigation of these issues is warranted to improve our

understanding of systemic risk in financial sectors.

Finally, an important issue for future research appears to be the integration of regulatory

closure policies in frameworks such as ours. Empirical evidence indicates that regulatory

actions taken in response to banking problems vary significantly. In many episodes, regulatory

actions depend on whether the problems arise from idiosyncratic reasons specific to particular

institutions or from potential threats to the whole system (Santomero and Hoffman 1999).

In addition, Kasa and Spiegel (2003) show that regulators cannot commit to be tough when

the crisis is systemic. This leads to a “too-many-to-fail” guarantee where banks rationally

anticipate a greater likelihood of bail out if they fail together. As demonstrated in Acharya

(2000) and Acharya and Yorulmazer (2004, 2005), this generates a collective moral hazard

where banks herd to extract greater regulatory forbearance. The contribution of regulatory
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guarantees to the observed levels of inter-bank correlations must also be included in the

empirical investigation of time-series variation in herding incentives of banks.
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A Proofs

While in the text we use ρ as the measure of correlation, for simplicity we use the parameter

c in our proofs, where ρ and c are related by equation (3). Since ∂ρ
∂c

> 0, this does not affect

any of our results. Recall that c ∈ [cmin = q2, cmax = q], and correspondingly, ρ ∈ [0, 1].
The following lemmas are employed towards proving the main propositions of the paper.

Lemma A.1 The probability of a high return, given that both banks had high returns from

their first investments, is decreasing in c. Formally,
∂αss1
∂c

< 0, ∀ p, q. In turn, the cost of

borrowing is increasing in c, i.e.,
∂rss1
∂c

> 0, ∀ p, q.

Proof: From equation (17), we obtain

∂αss
1

∂c
=
[pq + (1− p)(1− q)] [(1− 2q)(1− p) + c]− [pcq + (1− p)(1− q)(1− 2q + c)]

[(1− 2q)(1− p) + c]2
(34)

which is negative, since the numerator equals −p(1− p)(2q − 1)2, which is always less than
zero. From equation (18) for rss1 and the fact that u

0(·) > 0, it follows that ∂rss1
∂c

> 0. ♦

Lemma A.2 When banks are perfectly correlated, the probability of a high return, given that

both banks had high returns from their first investments, is greater than the prior probability

of a high return. Formally, αss
1 (cmax) > α0, ∀ p, q.

Proof: From equations (4) and (17), the claim reduces to showing that

αss
1 (cmax) =

pq2 + (1− p)(1− q)2

pq + (1− p)(1− q)
= αs

1 > α0 = pq + (1− p)(1− q). (35)

This holds since pq2 + (1− p)(1− q)2 − [pq + (1− p)(1− q)]2 = p(1− p)(2q − 1)2 > 0. Also
note that αss

1 (cmax) = αs
1. Therefore, r

ss
1 (cmax) = rs1. ♦

These lemmas and the maintained assumption that u0(·) > 0 imply the following result.

Lemma A.3 ∀ p, q, and c, αss
1 (c) > α0 and r

ss
1 (c) < r0.

Proof of Proposition 2: The proposition is a direct consequence of Lemmas A.1—A.3. ♦

Proof of Proposition 3: We need to consider two cases as discussed in Section 5.3. To

perform analysis in the variable c, let θ(c) = 1 − δρ(c). We will first prove the case where

R1 ≥ r0. To start with, assume that θ(c) = 1 for all c, that is, δ = 0.
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If R1 ≥ r0, then from equation (24), the expected second-period profits are

E(π2(c)) =
£
pq2 + (1− p)(1− q)2

¤
[R1 − (λ(c)rss1 (c) + (1− λ(c))r0)]. (36)

We wish to show that

∂E(π2(c))

∂c
= − £pq2 + (1− p)(1− q)2

¤ ·∂λ(c)
∂c

(rss1 (c)− r0) + λ(c)
∂rss1 (c)

∂c

¸
(37)

is greater than zero. Since [pq2 + (1− p)(1− q)2] > 0, the sign of the expression above is

determined by the sign of the expression inside the second set of square brackets on the right

hand side of equation (37). We prove this in steps:

(i) From the expression for λ(c) in equation (25), it follows that

∂λ(c)

∂c
=

pq + (1− p)(1− q)

pq2 + (1− p)(1− q)2
. (38)

(ii) From equations (17) and (18), it follows that

u(rss1 (c)) =
(1− 2q)(1− p) + c

pcq + (1− p)(1− q)(1− 2q + c)
. (39)

Taking the partial derivative of both sides with respect to c, we get

u0(·)∂r
ss
1 (c)

∂c
=

[pcq + (1− p)(1− q)(1− 2q + c)]− [(1− 2q)(1− p) + c] [pq + (1− p)(1− q)]

[pcq + (1− p)(1− q)(1− 2q + c)]2

=
p(1− p)(1− 2q)2

[pcq + (1− p)(1− q)(1− 2q + c)]2
. (40)

Therefore, we obtain that

λ(c)
∂rss1 (c)

∂c
=

1

u0(rss1 (c))
p(1− p)(1− 2q)2

[pq2 + (1− p)(1− q)2] [pcq + (1− p)(1− q)(1− 2q + c)]
(41)

(iii) Finally, from equations (4), (17) and (25), we obtain

∂λ(c)

∂c
(rss1 (c)− r0) =

pq + (1− p)(1− q)

pq2 + (1− p)(1− q)2

·
u−1

µ
1

αss
1

¶
− u−1

µ
1

α0

¶¸
, (42)

where for simplicity we have suppressed the dependence of αss
1 on c. Let v = u−1. Since u(·)

is increasing and concave, v0(·) > 0 and v00(·) > 0. Thus,·
v

µ
1

αss
1

¶
− v

µ
1

α0

¶¸
< v0

µ
1

αss
1

¶µ
1

αss
1

− 1

α0

¶
. (43)
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Substituting for α0 and αss
1 from equations (4) and (17),

v0
µ
1

αss
1

¶µ
1

αss
1

− 1

α0

¶
=

1

u0(rss1 (c))

·
(1− 2q)(1− p) + c

pcq + (1− p)(1− q)(1− 2q + c)
− 1

pq + (1− p)(1− q)

¸
= − 1

u0(rss1 (c))

½
p(1− p)(1− 2q)2

[pcq + (1− p)(1− q)(1− 2q + c)] [pq + (1− p)(1− q)]

¾
.

Therefore,

∂λ(c)

∂c
(rss1 (c)− r0) < − 1

u0(rss1 (c))
1

(pq2 + (1− p)(1− q)2)

·
p(1− p)(1− 2q)2

pcq + (1− p)(1− q)(1− 2q + c)

¸
< −λ(c)∂r

ss
1 (c)

∂c
. (44)

Using steps (i), (ii) and (iii) above, it follows that

∂λ(c)

∂c
(rss1 (c)− r0) + λ(c)

∂rss1 (c)

∂c
< 0. (45)

Thus, if R1 ≥ r0 and δ = 0, then E(π2(c)) is increasing in c, and banks pick the highest

possible inter-bank correlation c = cmax, that is ρ = 1.

Now we look at the general case where θ(c) = 1− δρ(c), and δ > 0.

Banks choose the level of correlation to maximize the total expected profits:

max
c∈[q2,q]

Pr(R0) [θ(c)R0 − r0] + Pr(R1, SS) [θ(c)R1 − rss1 (c)] + Pr(R1, SF ) [R1 − rsf1 ].

Denoting the total expected profits as Π, we can rewrite them as

Pr(R0) [R0 − r0] + Pr(R1, SS) [R1 − rss1 (c)] + Pr(R1, SF ) [R1 − rsf1 ]| {z }
Expected profits without competition = Π(δ=0)

+

Pr(R0) [(θ(c)− 1)R0] + Pr(R1, SS) [(θ(c)− 1)R1].

To maximize the expected profits we look at the first-order condition:

∂

∂c
[Π(δ = 0)] +

½
θ0(c) [Pr(R0)R0 +Pr(R1, SS)R1] +

∂ Pr(R1, SS)

∂c
[(θ(c)− 1)R1]

¾
= 0.

That is, the first-order condition is

∂

∂c
[Π(δ = 0)]| {z }

>0

− δ
∂ρ

∂c

[Pr(R0)R0 +Pr(R1, SS)R1]| {z }
>0

+
∂ Pr(R1, SS)

∂c| {z }
>0

R1

 = 0. (46)
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Recall from equation (37) that ∂
∂c
[Π(δ = 0)] does not depend on δ and R1. Thus, the left-hand

side of the first-order condition (46) is continuous and strictly decreasing in δ and also in R1.

Define Π
0
to be ∂

∂c
[Π(δ = 0)] evaluated at c = cmax, and define δ

∗ to satisfy

Π
0
=

δ∗

q(1− q)
[Pr(R0)R0 +Pr(R1, SS) r0 + (pq + (1− p)(1− q))r0] . (47)

From equations (3) and (14) respectively, we obtain that ∂ρ
∂c
= 1

q(1−q) and
∂ Pr(R1,SS)

∂c
=

(pq + (1− p)(1− q)). Then, it follows that for all δ < δ∗, the left-hand side of the first-order
condition (46) is positive at R1 = r0 when c = cmax, that is, banks choose to be perfectly

correlated at R1 = r0. Next, for a given δ < δ∗, define R∗∗1 (δ) to satisfy

Π
0
=

δ

q(1− q)
[Pr(R0)R0 +Pr(R1, SS) R

∗∗
1 (δ) + (pq + (1− p)(1− q))R∗∗1 (δ)] . (48)

Then, it follows that for all R1 > R∗∗1 (δ), the left-hand side of the first-order condition
(46) is negative at c = cmax, and banks choose to be less than perfectly correlated. Also,

for all R1 ∈ [r0, R∗∗1 (δ)), the left-hand side of the first-order condition (46) is positive at
c = cmax, that is, banks choose to be perfectly correlated. The proof that the optimal choice

of inter-bank correlation declines in R1 when R1 > R∗∗1 (δ) follows by applying the implicit
function theorem and the envelope theorem to the first-order condition (46). Similarly, the

proof that R∗∗1 (δ) is decreasing in δ is a consequence of applying the implicit function theorem
to equation (48). Finally, from the analysis with δ = 0, R∗∗1 (δ)→∞ as δ → 0.

Consider now the second case where R1 < r0. This implies that the bank is not viable

in individual survival state (πsf2 = 0), and in turn, E(π2(c)) = Pr(R1, SS) [θ(c)R1 − rss1 (c)],

where Pr(R1, SS) depends on c as in equation (14). Suppose ∃ ĉ(R1) ∈ [q2, q], a critical
value of c such that rss1 (c) = θ(c)R1. Since r

ss
1 (c) is increasing in c and θ(c) is decreasing in

c, E(π2(c)) = 0 for all c ≥ ĉ(R1). Furthermore, for all c < ĉ(R1), E(π2(c)) > 0 and banks

choose not to be perfectly correlated. In particular, they pick a correlation that is lower than

ĉ(R1). For the general case (where possibly the critical level ĉ does not lie in the feasible

range [q2, q]), the choice of inter-bank correlation, c∗(R1), is given by the first-order condition
that sets

∂

∂c
E(π2(c)) = [pq + (1− p)(1− q)] [θ(c)R1 − rss1 (c)]

+ [pcq + (1− p)(1 + 2q − c)(1− q)]

·
θ0(c)R1 − ∂rss1 (c)

∂c

¸
(49)

to zero. Then, by implicit function theorem, we obtain

sign

µ
∂c∗

∂R1

¶
= sign

·
∂2E(π2(c))

∂c ∂R1

¸
, (50)
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where

∂2E(π2(c))

∂c ∂R1
= [pq + (1− p)(1− q)]θ(c) + [pcq + (1− p)(1 + 2q − c)(1− q)]θ0(c). (51)

It follows now that if θ(c) = 1−δρ(c), so that θ0(c) = − δ
q(1−q) , then there is a critical level

of δ below which c∗(R1) is increasing in R1. Since c
∗(r0) = cmax whenever δ is sufficiently

small (from the proof for the first case), it follows that it is possible to identify δ∗ and maps
R∗1(δ) ≤ r0 < R∗∗1 (δ) such that the statement in the proposition holds. ♦

Proof of Proposition 4: For R1 ≤ r0, E(π
FQ
2 ) is identical to E(π2), and analysis in the

proof of Proposition 3 for this range of R1 applies. For R1 > r0, E(π
FQ
2 ) and E(π2) diverge

due to the profits in state SF (or FS) from flight-to-quality. Now, the first-order condition

for the choice of inter-bank correlation (from equation 33) is

∂E(πFQ2 )

∂c
=

∂E(π2)

∂c
− (pq + (1− p)(1− q)) (R1 − r0) . (52)

That is, the first-order condition with flight-to-quality is identical to equation (46), except

that the term [−(pq+(1− p)(1− q))(R1− r0)] must be added to the left-hand side. The rest

of the proof follows closely along the lines of Proposition 3. In particular, R∗∗∗1 (δ) satisfies

Π
0
=

δ

q(1− q)
[Pr(R0)R0 +Pr(R1, SS) R

∗∗∗
1 (δ) + (pq + (1− p)(1− q))R∗∗∗1 (δ)]

+ (pq + (1− p)(1− q)) [R∗∗∗1 (δ)− r0] , (53)

so that R∗∗∗1 (δ) < R∗∗1 (δ). The rest of the details are omitted for sake of brevity. ♦
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t = 0 t = 1 States  
    

  
• Nature chooses the state 

(Good or Bad), but it is 
not known to banks and 
depositors. 

 
 

 

SS • Both banks operate for another period. 
• Banks borrow deposits at r1ss

 < r0. 

• Banks borrow deposits 
at r0. 

• Returns from the 
first investments are 
realized. SF 

• Bank A survives, Bank B fails. 
• Bank A operates for another period, Bank B is closed. 
• Negative spillover from Bank B to Bank A through borrowing 

rate: Bank A borrows at r1sf
 = r0 > r1ss.  

• Positive effect on Bank A through flight to quality: Bank A 
may get Bank B’s depositors. 

• Then, they choose inter-
bank correlation ρ. 

 
 
 
 FS • Symmetric to SF. 

 

FF • Both banks fail and are closed. 
• Depositors keep funds in the storage technology. 

Figure 1: Timeline of the model. 



Figure 2: Inter-bank correlation rho* as a function of R_1 for varying delta: A = 0.5, R_0 = 3.5, p = 
0.25, q = 0.65
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Figure 3: Inter-bank correlation as a function of R_1 for varying p: A = 0.5, q = 0.65, delta = 2.5%
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Figure 4: Inter-bank correlation rho* as a function of R_1 for varying q: A = 0.5, p = 0.25, delta = 2.5%
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