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Abstract

This paper investigates a firm’s choice between borrowing from a single bank and from two
The focus is on how this decision affects banks’ equilibrium monitoring intensities and loan
Two-bank lending suffers from duplication of effort and sharing of monitoring benefits, but it be
from diseconomies of scale in monitoring. Thus, two-bank lending involves lower monitorin
not necessarily higher loan rates than single-bank lending. The optimal borrowing structure b
the benefit of monitoring for the firm in terms of higher success probability of the project ag
its drawbacks of lower expected private return and higher total monitoring costs. In contrast
previous theoretical literature, the model lays down an explanation for the empirical observati
multiple-bank lending does not unambiguously increase loan rates or firms’ quality, in particu
small business lending.
 2003 Elsevier Inc. All rights reserved.
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1. Introduction

This paper addresses the question of why in many countries even relatively sma
borrow from more than one bank.1 Modern theories of financial intermediation relate
benefits of multiple-bank lending to the inefficiencies affecting exclusive bank-firm
tionships, namely the hold-up and the soft-budget-constraint problems. As for the h
problem, Sharpe (1990) and Rajan (1992) argue that a relationship bank may use

E-mail address: carletti@rumms.uni-mannheim.de.
1 Cross-country evidence on the number of bank relationships is provided in Ongena and Smith

2000b).
1042-9573/$ – see front matter 2003 Elsevier Inc. All rights reserved.
doi:10.1016/j.jfi.2003.04.001
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perior private information it possesses about the firm to extract rents, thus distorting
preneurial incentives and causing inefficient investment choices. In this context, borr
from multiple banks can restore competition among banks and, consequently, im
entrepreneurial incentives (Von Thadden, 1992; Padilla and Pagano, 1997). As for th
budget-constraint problem, Dewatripont and Maskin (1995) argue that a relationship
may refinance unprofitable projects and thus reduce entrepreneurial incentives to
default. By complicating the refinancing process and making it less profitable, mu
bank lending allows banks to commit not to extend further inefficient credit. Simil
Bolton and Scharfstein (1996) show that multiple-bank lending reduces entrepren
incentives to default strategically because it complicates debt renegotiation.2

The theories mentioned above predict that firms borrowing from multiple banks s
represent better risks and should pay lower loan rates than firms borrowing from a
bank. These predictions, however, are not entirely consistent with the empirical evi
Petersen and Rajan (1994) find that in the US multiple-bank lending increases loa
substantially but has no role in explaining firms’ quality. Studies on Germany (Harho
Körting, 1998; Elsas and Krahnen, 1998) show that multiple-bank lending does not
loan rates but is negatively correlated with firms’ financial status. Studies on Italy (F
et al., 1998; D’Auria et al., 1999) find that borrowing from multiple banks reduces
loan rates and firms’ quality.3

How does one explain the discrepancy between the theories based on the hold
the soft-budget-constraint problems and the empirical evidence? One explanation,
it, is that the theoretical literature has not explicitly considered banks’ incentives to
itor. Most contributions assume that banks acquire information about their borrow
a simple by-product of the lending activity (e.g., Padilla and Pagano, 1997), or that
itoring is costly but its level is exogenous. In the latter case, a bank monitors wit
same intensity irrespective of whether it is the sole lender or finances the firm with
banks (e.g., Von Thadden, 1992).4 This paper contributes to the literature on multiple-ba
lending by analyzing how the number of bank relationships influences banks’ moni
incentives and how, in turn, the level of monitoring affects loan rates and a firm’s c
between borrowing from a single bank versus borrowing from two banks.

I address these issues in a simple one-period model, which builds on Holmströ
Tirole (1997). An entrepreneur in need of external funds has to decide whether to
effort and to increase the success probability of a risky project. Not exerting effort
the entrepreneur a private benefit, but makes credit unavailable. The firm’s moral h
problem can be ameliorated through bank monitoring, which induces the entrepren

2 Other rationales for multiple-bank lending refer to firms’ desire to reduce liquidity risk and disclose
mation through credit relationships. Detragiache et al. (2000) argue that, when relationship banks face
liquidity problems, borrowing from multiple banks can avoid early liquidation of profitable projects. Yosha (
shows that firms may prefer multiple-bank lending as a way to disclose confidential information about the
of their projects and to avoid aggressive behavior by competitors. See also Boot (2000) for a recent su
relationship banking.

3 Degryse and Ongena (2001) find evidence of a negative correlation between the number of bank relat
and firms’ quality in Norway.

4 An exception is Dewatripont and Maskin (1995), who endogenize the level of bank monitoring, but a
only the case of a single monitor.
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exert effort. Monitoring is, however, costly and not contractible. As a consequence, a
chooses the level of monitoring so as to maximize its profit rather than the total su
of the project. A bank’s incentive to monitor depends on whether it is the sole le
or it finances the firm with another bank. Two-bank lending suffers from duplicatio
effort and sharing of monitoring benefits, but it benefits from diseconomies of sca
monitoring. Thus, two-bank lending involves lower monitoring but not necessarily h
loan rates than single-bank lending.

In choosing the number of banks it should borrow from, the firm balances the diff
effects that monitoring has on its profit. On the one hand monitoring benefits the fi
increasing the success probability of the project, but on the other hand it reduces the
expected private return and increases total monitoring costs. Since banks do not inte
the firm’s private benefit, they may choose a monitoring intensity which, from the fi
perspective, is excessive. When overmonitoring is an issue, the firm may prefer to b
from two banks as a way to reduce overall monitoring, although this may imply h
loan rates. When overmonitoring is not an issue, the firm may prefer single-bank le
since it avoids duplication of effort and free-riding problems, and lowers monitoring c
Which borrowing structure is optimal will depend on the size of the cost of monitoring
of the private benefit, as well as on the firm’s expected profitability. The model predict
the attractiveness of two-bank lending is increasing in the cost of monitoring, the p
benefit and the firm’s expected profitability. These predictions find empirical supp
Ongena and Smith (2000b) and Detragiache et al. (2000).

This basic framework is extended in three directions. First, I consider a linear m
toring cost structure. In this case, two-bank lending always implies higher loan rate
single-bank lending, but it may still be optimal as a way to reduce overall monitoring.
ond, I consider the possibility of the firm borrowing from a single bank and other ou
investors. By choosing the amount to borrow from the bank, the firm can reduce the
incentive to monitor and induce levels of monitoring that are not attainable via a d
contract with the bank. Thus, borrowing from a single bank and other outside inv
may lead to less monitoring than borrowing from two banks, and it may be optimal
the firm is highly profitable and misbehavior is accompanied by a high private be
Third, I analyze an alternative model of bank control based on Rajan and Winton (
and Park (2000), where monitoring leads to a threat of liquidation in case of misbeh
Such a threat improves the firm’s incentive to behave well, but it does not change the
optimal borrowing choice.

The novelty of this work is that it analyzes how banks’ incentives to monitor ch
with the number of banks the firm borrows from, and how this affects the firm’s op
borrowing choice. The results are particularly applicable to the financing of small
nesses, since the model is set up so that a bank does not lend to the firm if it do
monitor and there is no public information about the firm’s quality. In this respect, th
per provides a new explanation for multiple-bank lending, which contrasts sharply wi
hold-up literature.

This paper is related to a number of others. Thakor (1996) analyzes the optimal n
of banks a firm approaches for credit in a model where banks perform screening
out borrowers’ creditworthiness. Approaching more banks is beneficial in that it incr
the probability of receiving credit and lowers the loan rate. It is costly, however, in
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it reduces each bank’s incentive to screen, thus increasing the probability of being
credit. This trade-off limits the attractiveness of multiple banks, but approaching mor
a single bank is always optimal. By contrast, I focus on the number of banks a firm s
borrow from in a model where banks perform post-lending monitoring and their incen
depend on the number of banks that finance the firm. In this context, multiple-bank le
is not always optimal, and its attractiveness depends on the level of monitoring as w
on the cost of financing.

Other papers analyze banks’ incentives to monitor. Besanko and Kanatas (1993)
the non-contractibility of bank monitoring to explain the coexistence of banks and c
markets. Covitz and Heitfield (1999) focus on banks’ monitoring incentives to analyz
relationship between market power, loan rates and bank risk. Cerasi and Daltung
show that diversification can improve banks’ incentives to monitor, when they are
financed. All these models assume that firms borrow from a single bank, which i
the sole monitor. By contrast, I look at how banks’ incentives to monitor change wit
number of banks the firm borrows from.

In this respect, the paper is also related to some contributions in the literatu
shareholders’ monitoring. Winton (1993) analyzes the monitoring decisions of mu
shareholders, and suggests that sufficiently convex costs can make multiple monito
efficient. He does not address, however, the firm’s choice of the optimal number of
toring shareholders. Pagano and Röell (1998) suggest that, when a firm has the po
to enjoy high private benefits, it may prefer to go public and limit the stake of the m
toring shareholder in order to reduce outside monitoring. In a similar spirit, I conside
possibility of the firm borrowing from a single bank and other outside investors as a w
reduce bank monitoring. However, while Pagano and Röell (1998) examine the tra
between the cost of listing and overmonitoring, I focus on the firm’s choice between
rowing from a single bank and outside investors borrowing from two banks. The id
excessive outside monitoring is also seen in Burkart et al. (1997) in the context of o
ownership dispersion. Other related contributions are Rajan and Winton (1995) an
(2000), who concentrate on how to structure debt contracts so as to maximize le
incentives to monitor.

The remainder of the paper is organized in four sections. Section 2 describes th
model. Section 3 derives the equilibrium with bank monitoring. Section 4 discusse
robustness of the basic model. Section 5 contains the concluding remarks and the em
predictions.

2. The basic model

Consider a two-date economy (T = 0,1) with two classes of risk neutral agents: a sin
firm and a perfectly competitive banking sector. The firm has access to a risky projec
needs external funds to finance it. Only bank lending is available, and the firm can b
from a single bank or from two banks.5

5 Other sources of financing are considered in Section 4.
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The project requires an investment of one unit at date 0, and yields a pecuniary
of R if it succeeds and 0 if it fails at date 1. The success probability of the project de
on the behavior of the entrepreneur running the firm: it ispH if he behaves well (‘high
effort) andpL if he misbehaves (‘low’ effort), withpH > pL . The project is credit-worthy
only in case of good behavior, i.e.,pHR > 1 > pLR. The entrepreneur may choose
misbehave, however, in order to enjoy a non-transferable private benefitB. This can be
broadly interpreted as a quiet life, diversion of corporate revenues for private use, u
itable pet projects, advantageous deals with other firms and also managerial perk
project completion. There is a moral hazard problem because the entrepreneur’s b
is not observable.

Banks raise funds at the riskless interest rate (assumed to be zero, for simplicity
lend to the firm only if they expect non-negative profits, i.e., only if the firm behaves
This occurs if and only if

pH(R − r) � pL(R − r) + B,

wherer is the (gross) per unit loan rate. To provide a role for bank monitoring, I ass
that simple lending is not feasible; i.e.,

(1)
(pH − pL)

pH
(pHR − 1) < B.

Assumption (1) means that the private benefit is sufficiently high to induce the fir
misbehave, when the loan rate is set at the competitive level 1/pH. Thus, assumption (1
implies that the project is not financed if banks simply lend to the firm.6

Suppose now that banks can mitigate the firm’s moral hazard problem through mo
ing. In particular, monitoring allows banks to observe the firm’s behavior, and to inte
if it misbehaves.7 Each bank chooses to monitor with an intensityM ∈ [0,1], which deter-
mines the probability with which each bank is able to improve the firm’s behavior. Mon
ing is costly; an intensityM costsC(M) = mM2/2. The convex cost function reflects t
idea that it is increasingly difficult for a bank to find out more and more about a firm. Al
bank has scarce human resources for adequate monitoring, and cannot expand the
initely.8 As a consequence, monitoring exhibits diseconomies of scale, whose impo
is measured by the parameterm (henceforth, also referred to as “cost of monitoring”).9

6 In essence, assumption (1) creates a role for bank monitoring. If it was not satisfied, banks would a
as lenders, and the firm would be indifferent between borrowing from a single bank and two banks.

7 The idea is similar to the one in Holmström and Tirole (1997). Monitoring brings down the private b
that the firm enjoys from misbehaving, and therefore it induces it to behave well. This monitoring tech
simplifies the analysis—in particular, the firm’s behavioral choice—without affecting the qualitative resu
the model, as discussed in Section 4.

8 For example, banks are often unable to hire additional skilled loan officers. Alternatively, diverting in
staff to the monitoring of a specific project may require additional training or result in an indirect cost th
the negligence of other duties. On this latter explanation, see also Cerasi and Daltung (2000).

9 Although assuming a convex monitoring cost function appears rather plausible, a linear monitorin
function is considered in Section 4. Moreover, note that the convex cost function ignores the possibility o
initial fixed costs in learning about a firm, sinceC(0) = C′(0) = 0. Extending the model to the caseC′(0) > 0
is straightforward. The results would be somewhere between those obtained with the convex cost func
those obtained with the linear cost function in Section 4.
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from a single bank to the bank(s) bank(s) claims

or two banks choosesM are settled

Fig. 1. Timing of the model.

A bank’s monitoring intensityM is not observable and thus not contractible. This in
duces another moral hazard problem in the model, and it may lead to either an ove
toring or an undermonitoring problem with respect to the first-best monitoring levelMFB.
In fact, whereasM maximizes a bank’s expected profit,MFB maximizes the total return o
the project—defined as the financialand the private return of the project—and is equal

MFB =



1 if m � mFB = (pH − pL)R − B,

(pH − pL)R − B

m
if m > mFB.

The intensityMFB depends on the cost of monitoring; it is equal to one ifm is sufficiently
low (m � mFB) and is less than one otherwise (m > mFB). To ensure that a positive lev
of monitoring is always optimal, I assume thatMFB is positive, i.e.,

(2)B < (pH − pL)R.

Assumption (2) puts an upper bound on the level of private benefitB, and it implies that
the firm would behave well if it did not need to raise external funds.

The timing of the model is as follows. At the beginning of date 0 the firm cho
whether to borrow from a single bank or from two banks; its choice is observable.
the firm contacts banks, and a two-stage game starts. In the single-bank case, t
approaches a single bank, and offers it a contract specifying the loan rate. The ba
either accept or reject the contract. If the bank rejects it, the game ends. If the bank a
the contract, the project is financed and then simultaneously the firm chooses its be
and the bank chooses its monitoring intensity.10 At date 1 the project matures and claim
are settled. If the project succeeds, the firm pays the loan rate to the bank and reta
surplus. The two-bank case has the same time structure. Figure 1 summarizes the
of the model if the contract is accepted.

3. The competitive equilibrium with bank monitoring

The model is solved as follows. First, I take the firm’s choice of the number of b
as given, and I characterize the equilibrium of the game with a single bank and wit

10 The choice of simultaneous moves between the firm and the bank does not affect the results as
agents’ decisions are not observable. The results are affected only if the bank chooses its monitoring
first, and the firm can observe it before moving. This order of moves would correspond to the case in wh
bank can commit to a specific monitoring intensity.
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banks. Second, I analyze the firm’s borrowing choice, taking the equilibrium of the
in each scenario as given.

3.1. Single-bank financing

In this section, I characterize the equilibrium of the game with a single bank (h
forth, “single-bank game”). Because the banking system is perfectly competitive, the
accepts the contract only if it expects to break even and the contract is feasible. This
that the loan rate must satisfy the bank’s zero-profit condition and it must not exce
pecuniary return of a successful project. After lending has occurred, the firm and the
choose their actions so as to maximize their expected profits. Formally, a competitive
librium of the single-bank game in which the project is financed is a subgame-p
equilibrium such that:

(1) the firm sets the loan rate so as to maximize its expected profit subject to the
zero-profit condition and the contract feasibility condition, correctly anticipatin
behavioral choice and the bank’s monitoring intensity;

(2) the firm’s behavioral choice and the bank’s monitoring intensity constitute a
equilibrium of the behavior/monitoring subgame.

Let r1 be the loan rate andM1 be the bank’s monitoring intensity. The firm’s expec
profit is

(3)ΠH
F1

= pH(R − r1)

when it behaves well, and

(4)ΠL
F1

= M1pH(R − r1) + (1− M1)
[
pL(R − r1) + B

]
when it does not. The bank’s expected profits are instead given by

(5)ΠH
B1

= pHr1 − 1− m

2
(M1)

2,

(6)ΠL
B1

= M1pHr1 + (1− M1)pLr1 − 1− m

2
(M1)

2,

when the firm behaves well and when it does not.
Proposition 1 characterizes the competitive equilibrium of the single-bank game.11 De-

finition 1 introduces the function that will describe the equilibrium loan rate.

Definition 1. Let g1(m) be the following function:

g1(m) =




2+ m

2pH
if m � m1 = 2(pH − pL)

pH + pL
,

−mpL +
√

m2p2
L + 2m(pH − pL)2

(pH − pL)2 if m > m1.

11 All proofs are in the Appendix.
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Proposition 1. There exists a unique competitive equilibrium of the single-bank game in
which the project is financed if and only if its return, R, satisfies the condition R � g1(m).
The equilibrium has the following features:

(1) the loan rate is r∗
1 = g1(m);

(2) the firm misbehaves; there is a critical level of the cost of monitoring, m1, such that
the bank monitors with intensity M∗

1 = 1 if m � m1 and with M∗
1 < 1 otherwise. More

precisely,

(7)M∗
1 =




1 if m � m1,

−mpL +
√

m2p2
L + 2m(pH − pL)2

m(pH − pL)
if m > m1.

Proposition 1 shows the role of bank monitoring in the model. As already menti
under assumption (1) the project is not financed in the absence of monitoring, sin
bank would not break even. The project can instead be financed in the presence o
toring, since this induces the firm to behave well, thereby increasing the success prob
of the project.12

The bank always exerts a positive intensity of monitoring, since the convexity o
monitoring costs impliesC′(0) = 0. The equilibrium intensity equals the first-best le
MFB if m � mFB and is higher otherwise.13 Thus, single-bank lending implies an overmo
itoring problem ifm > mFB. The reason is that the bank chooses the monitoring inte
to maximize its own expected profit, which does not take the firm’s private benefi
account.

The contract feasibility condition,r∗
1 � R, requires that the project is sufficiently pro

itable and that monitoring is not too costly. This implies the following corollary.

Corollary 1. In the competitive equilibrium, the project is financed if and only if its return
and the cost of monitoring satisfy the conditions

R � 2

pH + pL
and m � (pH − pL)2R2

2(1− pLR)
.

3.2. Two-bank financing

In this section, I characterize the equilibrium of a game with two (identical) b
(henceforth, “two-bank game”), and I compare it with the equilibrium of the single-b
game. As before, a competitive equilibrium of the two-bank game in which the proj
financed is a subgame-perfect equilibrium such that the loan rate satisfies each ban

12 Assumption (1) also implies that the firm still chooses to misbehave when it is not monitored. Thu
firm’s incentive does not improve in the presence of monitoring. Rather, it worsens through the higher lo
needed to cover the monitoring costs. This particular effect has already been encountered in different
(e.g., Rajan, 1992; Padilla and Pagano, 1997).

13 Assumption (1) impliesM∗ > MFB if m > mFB, even ifr∗ < R.
1 1
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profit condition and the feasibility constraint; after lending has occurred, the firm an
two banks choose their actions so as to maximize their expected profits.

The contrast between the single-bank game and the two-bank game depends c
on how the two banks interact in their monitoring decisions. I assume that they lend
unit each to the firm, and choose how much to monitor simultaneously and indepen
Each bank’s monitoring intensity, however, has an overall impact on the firm’s beh
When one bank discovers that the firm misbehaves, it induces the firm to behave wel
whole project. The idea is that the decision to undertake monitoring is private informa
but its outcome is publicly known. Letr2 be the loan rate in the two-bank game,Mi be
banki ’s monitoring intensity withi = A,B, andM2 be theoverall monitoring intensity,
which is equal to

(8)M2 = MA + MB − MAMB.

The firm’s expected profits when it behaves well and when it does not are given by

(9)ΠH
F2

= pH(R − r2),

(10)ΠL
F2

= M2pH(R − r2) + (
1− M2

)[
pL(R − r2) + B

]
.

The expected profit of each banki is

(11)ΠH
Bi

= pH
r2

2
− 1

2
− m

2
(Mi)

2

when the firm behaves well, and

(12)ΠL
Bi

= M2pH
r2

2
+ (

1− M2
)
pL

r2

2
− 1

2
− m

2
(Mi)

2

when it does not. Expressions (8), (11) and (12) highlight the features of the two
game. First, the two banks face an externality and a duplication of effort (second an
term in (8)), since each bank’s monitoring affects the whole project and is not obser
Second, they share the monitoring benefits because each of them getsr2/2 but pays the full
cost of monitoring. Third, the two banks benefit from the diseconomies of scale due
convexity of the cost function.

Proposition 2 characterizes the competitive equilibrium of the two-bank game. D
tion 2 introduces the function that will describe the equilibrium loan rate.

Definition 2. Letg2 = g2(m) be the unique positive real solution of the following equati

f (g2) = pH(pH − pL)2g3
2 + (pH − pL)

(
3mpH + mpL − (pH − pL)

)
g2

2

− 4m
(
(pH − pL) − mpL

)
g2 − 4m2 = 0.

Proposition 2. There exists a unique symmetric competitive equilibrium of the two-bank
game in which the project is financed if and only if its return, R, satisfies the condition
R � g2(m). The equilibrium has the following features:

(1) the loan rate is r∗ = g2(m);
2
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(2) the firm misbehaves; each bank monitors with intensity

(13)M∗
2 = (pH − pL)r∗

2

(pH − pL)r∗
2 + 2m

< 1.

Similar to the single-bank game, Proposition 2 shows that the project can be finan
the presence of monitoring. The two banks monitor the firm with the same positive int
M∗

2 .14 The denominator in expression (13) reflects two of the earlier-mentioned fea
of the two-bank game. The term 2m comes from the sharing of monitoring benefits;
term(pH − pL)r∗

2 reflects the duplication of effort. Both of these elements curtail the
banks’ incentives to monitor; consequently, they always monitor with an intensity l
than one.

The equilibrium loan rater∗
2 depends on how the duplication of effort and the sharin

monitoring benefits interact with the convexity of the cost function. This interaction w
through the level ofM∗

2 . Given the form of the functionf (g2), the analytical expressio
for r∗

2 is quite difficult to handle. This complicates also the comparison between the
librium loan rates of the single-bank and the two-bank game. Formally, from (6) and
r∗
1 andr∗

2 are given by

(14)r∗
1 = 1+ C(M∗

1(r∗
1))

[pL + M∗
1(r∗

1)(pH − pL)] ,

(15)r∗
2 = 1+ 2C(M∗

2(r∗
2))

[pL + M∗
2(r

∗
2)(pH − pL)] .

Thus, the equilibrium loan rates are implicitly determined by the ratio between total m
toring costs and the total success probability of the project. By using the Implicit Fun
Theorem, one can show that bothr∗

1 andr∗
2 increase with the cost of monitoringm, and

both decrease with the success probabilitiespH andpL .15 Also, one can show thatr∗
2 is

higher thanr∗
1 in the neighborhood ofm = 0. Whether this still holds asm increases de

pends on how total monitoring costs and the total success probability of the project i
and (15) change with the parameters of the model. Intuitively, it depends on wheth
two banks’ advantage arising from the diseconomies of scale dominates the drawb
lower monitoring incentives stemming from the duplication of effort and the sharin
monitoring benefits. To see this, I proceed as follows. I start with comparing monit
intensities and total monitoring costs in the single-bank and the two-bank game und
assumption that the loan rate is the same in the two cases. Next, I use numerical
tions to characterize the equilibrium loan rates, and I show that the single bank do
always require a lower loan rate than the two banks.

Suppose for a moment that the two banks charge the same loan rate as the sing
i.e., r∗

2 = r∗
1 = r. Figures 2 and 3 illustrate how monitoring intensities and total mon

14 In Proposition 2, I focus on symmetric equilibria. Note, however, that, if(pH −pL)r2 > 2m, there exists also
an asymmetric equilibrium in which only one bank monitors, i.e.,Mi = 1 andMj = 0 for i 	= j . This equilibrium
is ‘equivalent’ to the one of the single-bank game withM∗

1 = 1. The two equilibria always coexist, and lead
the same monitoring intensities and loan rates.

15 Proofs are available on request.
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Fig. 2. Monitoring intensities in the single-bank and the two-bank game. The figure shows how the mon
intensityM∗

1 (r) of the single bank, the overall monitoring intensityM∗
2(r) and the individual monitoring intensit

M∗
2 (r) of the two banks change as the cost of monitoringm increases. The loan rate is assumed to be the sam

the two games, i.e.,r1 = r2 = r .

Fig. 3. Monitoring costs in the single-bank and the two-bank game. The figure shows how the monitorin
C(M∗

1(r)) of the single bank and the total monitoring costs 2C(M∗
2 (r)) of the two banks change as the cost

monitoringm increases. The loan rate is assumed to be the same in the two games, i.e.,r1 = r2 = r .
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ing costs in the single-bank and the two-bank game change as one increases the
monitoringm in the interval[0,1]. Lemmas 1 and 2 follow immediately.

Lemma 1. Let the loan rate be the same in the single-bank and the two-bank game, i.e.,
r1 = r2 = r . Then the monitoring intensity of the single bank is always higher than the
overall monitoring intensity of the two banks.

Lemma 2. Let the loan rate be the same in the single-bank and the two-bank game, i.e.,
r1 = r2 = r . Then the monitoring costs of the single bank are lower than the total monitor-
ing costs of the two banks if the cost of monitoring is

m <
(pH − pL)r

2(1+ √
2)

,

and higher otherwise.

The main intuition behind Lemma 1 is that the duplication of effort and the sharin
monitoring benefits curtail the two banks’ monitoring incentives so much that they mo
less than the single bank even in theaggregate. The difference between the monitorin
intensities of the two games, however, is not monotonic in the cost of monitoring
Fig. 2 shows, it decreases ifm � (pH − pL)r and increases otherwise. The reason is t
asm increases beyond(pH − pL)r, the two banks reduce monitoring less than the sin
bank because the duplication of effort becomes smaller. Thus, Lemma 1 suggest
firm is of a better quality—in terms of a higher total success probability of the projec
it borrows from a single bank. The relative advantage of borrowing from a single ba
more pronounced for intermediate levels of the cost of monitoring, and it vanishes to
very low and very high levels.

Lemma 2 suggests that the difference between the monitoring costs of the singl
and the two-bank game depends on whether the duplication of effort overcomes t
economies of scale. If the cost of monitoring is very low, each of the two banks mo
almost as much as the single bank, but in the aggregate they face twice the costs be
the large duplication of effort and the small diseconomies of scale. Asm increases, the tw
banks reduce monitoring and benefit from the larger diseconomies of scale. Asm reaches
(pH − pL)r/(2(1+ √

2)), these two effects become so important that the two banks
lower total monitoring costs than the single bank. Their relative advantage starts
crease asm increases beyond(pH − pL)r because from that point onwards the two ba
reduce monitoring less than the single bank.

The relationship between the equilibrium loan ratesr∗
1 and r∗

2 hinges on the relative
difference between expressions (14) and (15). Lemmas 1 and 2 suggest that bo
monitoring costs and the total success probability of the project are higher in (14) th
(15) if m > (pH − pL)r, and that their relative differences decline asm increases beyon
this level. The final effect is somewhat ambiguous, and it depends on the success
bilities pH andpL . To see this, I use numerical simulations. I fixpH = 1, and examine th
behavior of the loan rates asm increases in the interval[0,1], first for pL = 0.4 and then
for pL = 0.6. Figures 4 and 5 illustrate the results of the simulations. The figures
that the two banks always require a higher loan rate than the single bank whenpL = 0.4,
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Fig. 4. Loan rates in the single-bank and the two-bank game for a low success probability of the proje
figure shows how the loan ratesr∗

1 of the single bank andr∗
2 of the two banks change as the cost of monitor

m increases. The figure is drawn for a success probabilitypL = 0.4.

but not whenpL = 0.6. As Fig. 5 illustrates, whenpL = 0.6 there is a critical level of the
cost of monitoring,̂m ∈ [m1,1], such thatr∗

2 < r∗
1 if m > m̂. Formally, the reason is tha

as bothm andpL increase sufficiently, the smaller difference between the total suc
probabilities in (14) and (15) dominates the one in total monitoring costs. Intuitive
bothm andpL increase sufficiently, the two banks become more efficient than the s
bank because the diseconomies of scale dominate the duplication of effort and th
ing of monitoring benefits. This result holds only whenpL = 0.6. Indeed, increasingpL

reinforces the effects of increasingm; it reduces monitoring more in the two-bank ca
than in the single-bank case, and it has a greater direct positive impact on the total s
probability of the project in (15) than in (14) becauseM∗

2 < M∗
1 .

The parameterpL—the success probability of the project in case of misbehavior—
be interpreted as a measure of the severity of the firm’s moral hazard problem. Next
entangle this problem into afinancial and aprivate problem. The former, measured bypL ,
concerns the success probability of the project if the firm misbehaves; the latter, ca
by the private benefitB, relates to the private return that the firm enjoys from misbeh
ing. The two problems have different effects in the model. The financial moral ha
problem affects banks’ monitoring incentives and loan rates, whereas the private
hazard problem influences only the firm’s choice of the number of banks, as shown
next section. With this distinction in mind, Proposition 3 summarizes the behavior o
equilibrium loan rates of the single-bank and the two-bank game. The result prov
theoretical rationale for the empirical observation that borrowing from a single bank
not unambiguously lead to a lower cost of financing.
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Fig. 5. Loan rates in the single-bank and the two-bank game for a high success probability of the proje
figure shows how the loan ratesr∗

1 of the single bank andr∗
2 of the two banks change as the cost of monitor

m increases. The figure is drawn for a success probabilitypL = 0.6.

Proposition 3. When the firm’s financial moral hazard is weak, the two banks require a
lower loan rate than the single bank if the cost of monitoring is sufficiently high. In all
other circumstances, the two banks require a higher loan rate than the single bank.

3.3. The firm’s choice between a single bank and two banks

I turn now to the firm’s choice between borrowing from a single bank (hencef
“single-bank” lending) and borrowing from two banks (henceforth, “two-bank” lendi
Once the respective equilibrium monitoring intensities and loan rates are substituted
and (10), the firm’s expected profits are given by

(16)ΠL
F1

= [
M∗

1pH + (
1− M∗

1

)
pL

]
R + (

1− M∗
1

)
B −

[
1+ m

2

(
M∗

1

)2
]
,

(17)ΠL
F2

= [
M∗

2pH + (
1− M∗

2

)
pL

]
R + (

1− M∗
2

)
B − [

1+ m
(
M∗

2

)2]
if the firm borrows from a single bank and two banks, respectively. The terms on the
hand side of (16) and (17) represent, in order, the expected financial return of the p
the firm’s expected private return and the banks’ expected repayment, which is equa
sum of the amount of loan and total monitoring costs.

The firm chooses the borrowing structure that maximizes its expected profit. Its c
depends on the relative differences between monitoring intensities and loan rat
equivalently total monitoring costs—in the single-bank and the two-bank game. Thu
firm must balance the benefit of monitoring in terms of higher expected financial retu
the project against the drawbacks of lower expected private return and higher tota
itoring costs. Once again, in order to analyze the firm’s optimal choice, I use num
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Fig. 6. Firm’s expected profits with single-bank and two-bank lending. The figure shows how the firm’s ex
profits ΠL

F1
when it borrows from a single bank andΠL

F2
when it borrows from two banks change as the c

of monitoringm and the private benefitB increase. The figure is drawn for a success probability of the pro
pL = 0.4.

simulations. I fixR = 1.6, pH = 1, pL = 0.4, and examine the firm’s profits in (16) an
(17) asm increases in the interval[0,1] andB increases from 0.4 to 0.6.16 Figure 6 graphs
the results of the simulations. It shows that the firm’s choice depends crucially on th
of the cost of monitoring. For a given value of the private benefit, there is a critical
of the cost of monitoring,̃m ∈ (0,m1), such thatΠL

F1
> ΠL

F2
if m < m̃ andΠL

F1
< ΠL

F2
otherwise. If the cost of monitoring is very low, single-bank lending is optimal bec
it implies desirable high monitoring and low total monitoring costs. Asm increases in
the range[0,m1], monitoring remains unaffected if the firm borrows from a single ba
whereas it falls if the firm borrows from two banks. This leads to lower expected fi
cial return of the project, higher expected private return and eventually lower monit
costs in (16) relative to (17). Asm reaches the level̃m, the last two effects dominate, an
borrowing from two banks becomes optimal. To summarize:

Proposition 4. The firm borrows from a single bank if the cost of monitoring is low, and
from two banks otherwise.

16 These configurations of parameters satisfy assumptions (1) and (2) and guarantee the existence of th
rium in both the single-bank and the two-bank game. The results do not change qualitatively with other pa
configurations. Note also that in Fig. 6 the profitΠL

F1
depends onB only if m > m1, as the intensityM∗

1 becomes
an interior solution.
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The firm prefers two-bank lending as a way of reducing overall monitoring and
increasing its expected private return. Consequently, as Fig. 6 shows, the thresholdm̃ de-
creases in the private benefitB. One can also show that the thresholdm̃ decreases in th
success probabilitypL. As long asm < m1, an increase inpL reduces monitoring an
elevates the firm’s expected private return only if the firm borrows from two banks. C
lary 2 summarizes how the firm’s optimal choice changes with the severity of its p
and financial moral hazard problems.

Corollary 2. The stronger the firm’s private moral hazard and the weaker its financial
moral hazard, the greater the set of values for the cost of monitoring for which two-bank
lending is optimal.

4. Extensions and discussion of the basic model

In this section, I analyze various modifications of the basic model, and discuss w
and in which fashion the previous results are affected.17 Specifically, I address the ca
of linear monitoring costs, the availability of other non-bank sources of financing
monitoring as a threat of liquidation.

4.1. Linear monitoring costs

Consider now that monitoring can be expanded at a constant marginal cost so t
cost function is linear and equal toC(M) = mM/2. The equilibrium monitoring intensitie
in the single-bank and the two-bank game are equal to

(18)M∗
1L =


1 if m � m1L = 2(pH − pL)

pL
,

0 if m > m1L,

(19)M∗
2L =




pH − pL(1+ m)

(pH − pL)(1+ m)
if m � m2L = pH − pL

pL
,

0 if m > m2L.

Expressions (18) and (19) show that, in contrast to the basic model, banks may cho
to monitor when the cost function is linear. GivenC′(0) > 0, there is no monitoring if the
cost of the first marginal unit dominates its benefit. In this case the project is not fina
since, under assumption (1), banks would not break even. If monitoring is optima
single bank always monitors more than the two banks in the aggregate, as in the
model. However, single-bank lending now implies a lower cost of financing.

17 For reasons of brevity, I present and prove only the main new results. Detailed proofs of all results ar
able from the author upon request. Moreover, note that in Sections 4.1 and 4.2 I take as given that misbe
the firm’s optimal behavioral choice.
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Proposition 5. If the monitoring cost function is linear, the two banks always require
a higher loan rate than the single bank.

In the absence of diseconomies of scale in monitoring, the single bank is always
cost-effective than the two banks, since it has better monitoring incentives and avo
duplication of effort.18 Nevertheless, the firm may still want to borrow from two ban
so as to reduce overall monitoring and enjoy a higher expected private return. The
intuition underlying Proposition 4 still holds. The firm prefers single-bank lending if
cost of monitoring is low, and it eventually prefers two-bank lending asm increases. The
reason is that, even if the two banks become relatively more costly asm grows, their overal
monitoring decreases and the firm’s expected private return rises. Asm andB increase
sufficiently, these latter effects dominate, and two-bank lending becomes optimal.

4.2. Other outside investors

So far I have assumed that monitoring is not contractible and that only bank le
is available. In this context, the firm cannot influence a bank’s monitoring incentive
it prefers to borrow from two banks as a way to reduce overall monitoring if the co
monitoring and the private benefit are sufficiently high. As an alternative way to re
monitoring, suppose now that the firm can borrow fromboth a single bank and other dis
persed outside investors, such as trade creditors (henceforth, “bank-investor game”19 Let
M1T be the monitoring intensity of the bank, andr1T + T be the total repayment of th
bank and the outside investors. Proposition 6 characterizes the competitive equilibr
the bank-investor game. Definition 3 introduces the function that will describe the eq
rium total repayment.

Definition 3. Let g1T (m) be the following function:

g1T (m) =




2+m
2pH

if m � mFB = (pH − pL)R − B,

((pH−pL)R−B)2+2m

2((pH−pL )2R−(pH−pL)B+pLm)
if mFB < m < m1T = (pH−pL )2R2−B2

2(1−pLR)
,

R if m � m1T .

Proposition 6. The unique competitive equilibrium of the bank-investor game in which the
project is financed has the following features:

(1) there is a critical level of the cost of monitoring, m1T , such that the return of the project
is R = g1T (m) if m � m1T , and R < g1T (m) otherwise;

(2) the cost of monitoring satisfies the condition

m � (pH − pL)2R2

2(1− pLR)
;

18 A similar idea is described by Winton (1993) in the context of shareholders’ monitoring.
19 Although the dispersed outside investors do not exert any monitoring, they correctly anticipate the m

ing intensity exerted by the bank in equilibrium.
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(3) the total repayment of the bank and the outside investors is r∗
1T + T ∗ = g1T (m);

(4) there is a critical level of the cost of monitoring, mFB, such that the bank monitors with
intensity M∗

1T = 1 if m � mFB and with M∗
1T < 1 otherwise. More precisely,

(20)M∗
1T =




1 if m � mFB,
(pH−pL )R−B

m
if mFB < m < m1T ,

(pH−pL )R−
√

(pH−pL )2R2−2m(1−pLR)

m
if m � m1T .

The main result of Proposition 6 is that the single bank exerts a (weakly) lower mo
ing intensity when it finances the firm with other investors than when it is the sole le
In contrast to Proposition 1, the monitoring intensityM∗

1T is an interior solution over a
greater set of values for the cost of monitoring, and is decreasing in the private benB.
Moreover,M∗

1T equals the first-best level as long asm < m1T , wherem1T > mFB. Thus,
borrowing from a single bank and outside investors mitigates the overmonitoring pro
of Proposition 1. The intuition is that, by choosing the amount of funds that it wan
borrow from the bank and by setting the repaymentr∗

1 appropriately, the firm can affec
the bank’s monitoring incentive and induce it to exert the first-best monitoring level.
works, however, only as long as the feasibility constraint,r∗

1T + T ∗ � R, is not binding,
i.e., as long asm < m1T . As the cost of monitoring increases beyondm1T , the firm must
increase the amount it borrows from the bank and its repayment so as to induce th
to exert a higher monitoring intensity. This increases the total success probability
project, and makes external financing still feasible. Thus, asm increases beyondm1T ,
M∗

1T starts to increase with the cost of monitoring, and the total repayment of the ban
the outside investors equals the entire return of the project.20

Using numerical analysis once again, I compare the equilibrium of the bank-inv
game with the one of the two-bank game, and I discuss whether and under which con
two-bank lending is still optimal. Figure 7 illustrates the monitoring intensities in the b
investor and the two-bank game asm increases in the interval[0,1]. Figure 8 illustrates
the total repayment in the bank-investor game and the loan rate in the two-bank
asm increases in the interval[0,1]. The curvesM∗

1T and r∗
1T + T ∗ are drawn forB =

{0.4,0.5,0.6}, andp = 0.4 in both figures.21 Corollaries 3 and 4 summarize the ma
results of the simulations.

Corollary 3. The monitoring intensity of the single bank co-financing the firm with outside
investors is lower than the overall monitoring intensity of the two banks if the cost of
monitoring is sufficiently high. The stronger the firm’s private moral hazard, the greater
the set of values for the cost of monitoring for which this result obtains.

Corollary 4. The total repayment of the single bank and the outside investors is higher than
the loan rate of the two banks if the cost of monitoring is sufficiently high. The stronger

20 The result that the need for outside finance can lead to higher non-contractible effort is also in Aghio
(1999), where a firm can improve its incentive to exert effort by contracting on verifiable investments.

21 As before, the other exogenous parameters in the simulations arepH = 1 andR = 1.6.
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Fig. 7. Monitoring intensities in the bank-investor and the two-bank game. The figure shows how the mon
intensityM∗

1T
of the single bank co-financing the firm with outside investors, the overall monitoring inte

M∗
2 and the individual intensityM∗

2 of the two banks change as the cost of monitoringm and the private benefi
B increase. The figure is drawn for a success probability of the projectpL = 0.4.

Fig. 8. Total repayment in the bank-investor game and loan rate in the two-bank game. The figure shows
total r∗

1T
+T ∗ repayment of the single bank and the outside investors and the loan rater∗

2 of the two banks chang
as the cost of monitoringm and the private benefitB increase. The figure is drawn for a success probability
the projectpL = 0.4.
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the firm’s private moral hazard, the greater the set of values for the cost of monitoring for
which this result obtains.

Corollary 3 suggests that, ifm is sufficiently high, borrowing from a single bank a
outside investors is a better way to reduce monitoring than borrowing from two b
The main reason is that the firm can affect the single bank’s monitoring incentive,
cannot influence the two banks’ incentives. Thus, Corollary 3 also suggests that two
lending may imply an overmonitoring problem with respect to the first-best level.
problem emerges if the cost of monitoring and the private benefit are sufficiently
since the duplication of effort limits the reduction in the two banks’ overall monitorin
m increases, and the private benefit does not affect their monitoring decisions. Coro
strengthens the result of Proposition 3 in that borrowing from two banks is cheape
borrowing from a single bank and outside investors if the cost of monitoring and the p
benefit are sufficiently high.

Consider now the firm’s choice between borrowing from a single bank and ou
investors (henceforth, “bank-investor” lending) and borrowing from two banks. Figu
and 10 illustrate the firm’s expected profits in the two cases asm increases in the interva
[0,1]. Figure 9 is drawn forpL = 0.4 and Fig. 10 forpL = 0.6. One can see that the firm
optimal choice may change sharply from the basic model aspL andB increase. As Fig. 9
illustrates, the results of the basic model still hold whenpL = 0.4. The firm borrows from a
single bank and outside investors if the cost of monitoring is low, and it borrows from
banks asm increases sufficiently. As Fig. 10 shows, however, whenpL = 0.6 andB = 0.6,
the firm always borrows from a single bank and outside investors.

To understand the intuition behind this result, one has to again consider the trade
the firm’s decision between monitoring and cost of financing. When misbehavior is ac
panied by a high private benefit, the firm does not want the banks to exert much moni
and it would prefer the borrowing structure that minimizes it. Low monitoring, howe
reduces the expected financial return of the project, thus increasing the cost of finan
a compensation for higher risk. The firm must balance the benefit of low monitoring a
the drawback of high cost of financing, and it may not choose the monitoring-minim
borrowing structure if it is too expensive. But an increase inpL allows low monitoring
without too high a compensation adjustment in the cost of financing, since it elevat
expected financial return of the project and reduces the value of monitoring. Thus,
both pL andB are sufficiently high, the firm prefers to borrow from a single bank
outside investors. In practice, this suggests that when things are going well, it be
easier for the firm to reduce monitoring and enjoy high private benefits.22 Proposition 7
summarizes the firm’s optimal choice.23

22 This seems to suggest a positive relationship betweenpL andB. For example, when things go well, it ma
be relatively easier not to work and enjoy a quiet life. When firms are more profitable, accounting standa
transparency rules may be softer and leave room for larger private benefits. Nevertheless, the converse
be true. For instance, riskier projects may entail higher private benefits. In this case, monitoring cannot be
much, and, as in the basic model, two-bank lending would dominate for a sufficiently high cost of monitori
a sufficiently high private benefit.

23 Given this result, one could argue that borrowing from two banks and outside investors would always
nate, as it reduces monitoring and provides the benefits of diseconomies of scale. This is not completely
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Fig. 9. Firm’s expected profits with bank-investor and two-bank lending for a low success probability
project. The figure shows how the firm’s expected profitsΠL

F1T
when it borrows from a single bank and outsi

investors andΠL
F2

when it borrows from two banks change as the cost of monitoringm and the private benefitB
increase. The figure is drawn for a success probabilitypL = 0.4.

Fig. 10. Firm’s expected profits with bank-investor and two-bank lending for a high success probability
project. The figure shows how the firm’s expected profitsΠL

F1T
when it borrows from a single bank and outsi

investors andΠL
F2

when it borrows from two banks change as the cost of monitoringm and the private benefitB
increase. The figure is drawn for a success probabilitypL = 0.6.
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Proposition 7. When the firm’s private moral hazard is very strong and its financial moral
hazard is weak, the firm always borrows from a single bank and outside investors. In all
other circumstances, the results of Proposition 4 hold.

4.3. Monitoring as a threat of liquidation

So far I have assumed that banks have a direct control on the firm, since mon
allows them to observe the firm’s behavior and to intervene in case of misbehavi
an alternative form of control, consider now that monitoring enables banks to obser
firm’s behavior before the project matures and to liquidate the firm for a total value ofK.24

Liquidation is preferable only if the bank observes misbehavior, i.e.,pLR < K < pHR, and
the firm always continues the project if there is no monitoring.25 This alternative monitor
ing technology modifies the basic model as follows. First, it implies a different equilib
of the model. The behavior/monitoring subgame of both the single-bank and the two
game now has only one mixed strategy equilibrium, in which the firm is indifferent bet
behaving and misbehaving and a bank chooses its monitoring intensity taking into a
the firm’s incentive to behave well. Second, monitoring improves the firm’s incenti
behave well. Thus, the firm behaves better with single-bank lending than with two
lending, since the duplication of effort and the sharing of monitoring benefits reduc
two banks’ monitoring incentives. Third, in contrast to Lemma 1, the single bank mon
as much as the two banks in the aggregate, when loan rates are assumed to be the
the two games.

Despite these differences, the firm’s optimal choice between borrowing from a s
bank and two banks does not change substantially from that in the basic model. To s
consider the firm’s expected profits in equilibrium with single-bank and two-bank len

ΠL
F1K

= [
e∗

1pH + (
1− e∗

1

)(
1− M∗

1K

)
pL

]
R + (

1− e∗
1

)(
1− M∗

1K

)
B

(21)−
[
1+ m

2

(
M∗

1K

)2
]
,

ΠL
F2K

= [
e∗

2pH + (
1− e∗

2

)(
1− M∗

2K

)
pL

]
R + (

1− e∗
2

)(
1− M∗

2K

)
B

(22)− [
1+ m

(
M∗

2K

)2]
,

wheree∗
1 ande∗

2 are the equilibrium probabilities with which the firm behaves well in
two scenarios, and the other variables have the usual meanings.

As in the basic model, the firm’s choice depends on the relative differences be
expected financial return of the project, expected private return and total monitoring
in expressions (21) and (22). In contrast to the basic model, however, one must al
account now of how the firm’s behavior changes with the parameters of the model.

While convex monitoring costs would lead, all else equal, to a lower cost of funding, the duplication of
would limit the reduction in monitoring. The net effect would be somewhat ambiguous.

24 The valueK can be interpreted as the liquidation value of the firm or as collateral.
25 The idea is similar to the one in Rajan and Winton (1995) and Park (2000). If a bank observes misb

through monitoring, it can force the firm into default by invoking a covenant, or by refusing to refinance a
term loan.



80 E. Carletti / Journal of Financial Intermediation 13 (2004) 58–86

nitor-
ing
conse-
f
more

ns
single
re
urn of

moni-
nge in

struc-
direct
opti-
both

duces
value
e in-
ppose
s

ected
crease
blem
er be

rm in
much

lity of
zes a
here

ults of
are

itoring
Consider the cost of monitoring first. Single-bank lending is optimal ifm is low, since it
implies desirable high monitoring, improves the firm’s behavior, and lowers total mo
ing costs relative to two-bank lending. Asm increases, the two banks reduce monitor
less than the single bank because the duplication of effort becomes smaller. As a
quence, the decline ine∗

2 is less than the decline ine∗
1. Along with larger diseconomies o

scale and lower total monitoring costs, this effect eventually makes two-bank lending
attractive than single-bank lending.

Consider now the private benefit. An increase inB elevates monitoring and worse
the firm’s incentive to behave well. The two banks increase monitoring less than a
bank; consequently,e∗

2 reduces now more thane∗
1. This makes single-bank lending mo

attractive relative to two-bank lending, since it increases the expected financial ret
the project in (21) by more than in (22). On the other hand, however, increasingB elevates
the firm’s expected private return in (22) by more than in (21) becausee∗

2 < e∗
1. This effect

makes two-bank lending relatively more attractive, and it dominates as the cost of
toring and the private benefit increase sufficiently. Similar arguments hold for a cha
the success probability of the projectpL .

To sum up, the predictions of the basic model concerning the optimal borrowing
ture do not change if monitoring leads to liquidation of the project rather than to a
control over the firm’s behavior. The main idea is that two-bank lending may still be
mal as a way to reduce overall monitoring and the firm’s incentive to behave well. In
approaches, two-bank lending involves an externality in that a bank’s monitoring in
good behavior on the whole project in the basic model and it leads to sharing of the
K in case of monitoring as threat of liquidation. Removing this externality improves th
centives of both the two banks and the firm, but it may not be optimal. To see this, su
that a monitoring bank is the first to seize the valueK in case of liquidation. This reduce
the free-riding problem of the two banks, and increases both the monitoring intensityM∗

2K

and the firm’s efforte∗
2. In terms of expression (22), these effects increase the exp

financial return of the project, but they also lower the expected private return and in
total monitoring costs. If the latter two effects dominate, reducing the free-rider pro
of the two banks lowers the firm’s expected profit, and two-bank lending may no long
optimal.

5. Concluding remarks

Monitoring of borrowers is undoubtedly one of the key functions that banks perfo
the economy. Yet the literature has not paid much attention to the question of how
monitoring banks exert and to the effects of this on the cost of financing, the qua
borrowers and the number of banks a firm should borrow from. This paper analy
firm’s choice between borrowing from a single bank and two banks in a context w
the number of banks influences both the level of monitoring and loan rates. The res
the model—which are robust to different specification of the monitoring technology—
particularly applicable to the financing of small businesses, given the need for mon
in granting loans and the lack of public information about such firms.
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The number of banks affects monitoring and loan rates in various ways. Bo
ing from two banks involves duplication of effort and sharing of monitoring bene
This implies that a bank monitors more when it is the sole lender than when
nances the firm with another bank. Yet borrowing from two banks does not neces
imply a higher cost of financing. If there are diseconomies of scale in monitoring
flecting the increasing difficulty of discovering more about a firm one already kn
a lot about, or scarce resources for adequate monitoring), two-bank lending is c
than single-bank lending whenever the technological effect of the convex moni
cost function dominates the duplication of effort and the sharing of monitoring
efits. In contrast to the literature based on the hold-up and the soft-budget-con
problems, these results provide a theoretical rationale for the empirical observatio
increasing the number of banks tends to lower firms’ quality, while either increa
or decreasing the cost of financing (e.g., Petersen and Rajan, 1994; Foglia et al.
D’Auria et al., 1999).

The firm’s choice between single-bank and two-bank lending depends on how
monitoring and loan rates differ in the two scenarios. The optimal choice balance
benefit of monitoring in terms of higher expected financial return of the project ag
its drawbacks in terms of lower expected private return and higher total monitoring
The attractiveness of two-bank lending is increasing in the cost of monitoring, the p
benefit, and the firm’s expected profitability.

The model has a number of empirical implications. First, the cost of monitorin
lates to the ease with which banks are able to obtain and process information abou
Factors affecting such a cost include disclosure rules, accounting standards, and
generally, legal and regulatory aspects of the financial system, like the degree of in
protection, the efficiency of the judicial system, and legal enforcement. Similar elem
contribute to the ability with which entrepreneurs are able to obtain and enjoy private
efits, since they limit the discretionary power of management (La Porta 1997, 1998;
and Zingales, 2001).26 Thus, the model predicts that firms should prefer multiple-b
lending in countries with laxer accounting and disclosure standards, lower investo
tection, and more inefficient judicial systems. Second, the model predicts that firm
higher expected profitability should prefer multiple-bank lending. These prediction
supported by Ongena and Smith (2000b) and Detragiache et al. (2000), who find g
use of multiple-bank lending in countries with weaker judicial systems and weaker inv
protection. Moreover, the predictions of the model are consistent with the findings in
and Zingales (2001) of high private benefits in countries like Italy and Portugal, w
multiple-bank lending is used extensively.27

26 Dyck and Zingales (2001) find that other extra-legal variables, such as a high diffusion of the pres
high rate of tax compliance, also reduce private benefits.

27 In a study based on duration analysis, Farinha and Santos (2002) find that firms with greater growth
tunities are more likely to substitute a single-bank relationship with multiple-bank relationships as the dura
that relationship increases. This finding seems to support my prediction of a positive relationship betwee
expected profitability and two-bank lending, even if the model focuses on the choice between single-b
two-bank lending rather than on the switching between the two regimes.
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A last important insight of the model is the potential role of other sources of finan
The analysis suggests that firms with profitable projects and high private benefits pr
borrow from a single bank and other dispersed investors as a way to reduce mon
without too high a compensating adjustment in the cost of financing.

The paper proposes an alternative to the hold-up and soft-budget-constraint pr
in addressing the question of why multiple-bank lending can be optimal despite invo
duplication of effort and sharing of monitoring benefits. In this respect, focusing
one-period model and assuming a competitive banking system are strengths of the
Extending the time structure and allowing for an ex post imperfect banking sector w
simply make a stronger case for multiple-bank lending. This analysis, however, is le
future research.
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Appendix

Proof of Proposition 1. I solve the game backwards. First, I take the loan rater1 as given,
and I find the Nash equilibrium of the behavior/monitoring subgame; second, I solv
loan rate setting in the first stage.

(i) Behavior/monitoring subgame. I look for the pure strategy Nash equilibrium of th
behavior/monitoring subgame; it can be shown that this is without loss of generalit
Carletti, 2001). If the firm choosesH , the bank maximizes (5), and choosesM∗

1(r1) = 0.
This is not an equilibrium. IfM∗

1(r1) = 0, the firm deviates and choosesL, since under
assumption (1), (4)> (3) for all M1(r1) < 1. If the firm choosesL, the bank choose
M1(r1) so as to maximize (6) which is differentiable and strictly concave inM1(r1). The
first-order condition gives

∂ΠL
B1 = (pH − pL)r1 − mM1(r1) = 0.
∂M1(r1)
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SinceM1(r1) must be in[0,1], M∗
1(r1) = min{(pH − pL)r1/m,1}. If M∗

1(r1) < 1, the
firm still prefersL; if M∗

1(r1) = 1, it is indifferent betweenH andL. Therefore, the vecto
(L,M∗

1(r1)) is the unique Nash equilibrium of the behavior/monitoring subgame.

(ii) Loan rate setting. Setting Eq. (6) equal to zero after substitutingM∗
1(r1) gives the equi-

librium loan rater∗
1 . AsΠL

B1
is continuous and increasing inr1, there is only one value ofr∗

1
satisfyingΠL

B1
= 0, which coincides withg1(m). Substitutingr∗

1 in M∗
1(r1) gives (7). The

equilibrium monitoring intensity is a corner solution if and only if(pH − pL)r∗
1/m � 1,

which holds if and only ifm � m1. The intensityM∗
1 is an interior solution if and only i

(pH − pL)r∗
1/m < 1, which holds if and only ifm > m1. If r∗

1 � R, the contract is feasibl
and the project is undertaken.✷
Proof of Corollary 1. Substitutingr∗

1 = g1(m) in the feasibility conditionr∗
1 � R implies

(i) m � 2(pHR − 1) if m � m1, and

(ii) m � (pH − pL)2R2

2(1− pLR)
if m > m1.

For (ii) to be possible, it must hold

(pH − pL)2R2

2(1− pLR)
� m1.

This requiresR > 2/(pH + pL), which implies 2(pHR − 1) > m1. Thus, if R >

2/(pH + pL), condition (i) is always satisfied, and the statement follows.✷
Proof of Proposition 2. As for Proposition 1, the game is solved backwards. I start w
the Nash equilibrium of the behavior/monitoring subgame; then I solve the loan rate s
in the first stage.

(i) Behavior/monitoring subgame. I look only for the pure strategy Nash equilibrium
the behavior/monitoring subgame; it can be shown that there does not exist any
strategy equilibrium (see Carletti, 2001). With a similar argument to that in the pro
Proposition 1, it can be easily shown that the firm choosesL. Given this, if bankB chooses
MB(r2), bankA choosesMA(r2) so as to maximize (12), which is continuous and stric
concave inMA(r2). The first-order condition gives

∂ΠL
BA

∂MA(r2)
= (

1− MB(r2)
)
(pH − pL)

r2

2
− mMA(r2) = 0,

from which it is

MA(r2) = (pH − pL)r2

2m

(
1− MB(r2)

)
.

SubstitutingMA(r2) = MB(r2) in a symmetric equilibrium givesM∗
2(r2) = M∗

i (r2) for
∀i = A,B.
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(ii) Loan rate setting. Setting Eq. (12) equal to zero after substitutingM∗
i (r2) gives the

equilibrium loan rater∗
2 . The expressionΠL

Bi
= 0 coincides withf (g2(m)) = 0. Since the

function f (g2) is cubic ing2, with a positive coefficient ong3
2, f (0) = −4m2 < 0 and

f ′(0) < 0, there is only a unique real positive solutionr∗
2 = g2(m). Substitutingr∗

2 in
M∗

i (r2) gives (13). Ifr∗
2 � R, the contract is feasible and the project is undertaken.✷

Proof of Lemma 1. Define diffM = M∗
1(r) − M∗

2(r). Substituting the expressions f
M∗

1(r) andM∗
2(r) whenr1 = r2 = r gives:

(i) if m � (pH − pL)r, diffM > 0 asM∗
1(r) = 1 and M∗

2(r) < 1;

(ii) if m > (pH − pL)r, diffM = ((pH − pL)r)2(3m + (pH − pL)r)

m((pH − pL)r + 2m)2 > 0. ✷
Proof of Lemma 2. Define diffC = C(M∗

1(r))−2C(M∗
2(r)). Substituting the expression

for C(M∗
1(r)) and 2C(M∗

2(r)) whenr1 = r2 = r gives:

(i) if m � (pH − pL)r, diffC = m

2
− m

(
(pH − pL)r

(pH − pL)r + 2m

)2

which is positive only ifm >
(pH − pL)r

2(1+ √
2)

;

(ii) if m > (pH − pL)r, diffC = (pH − pL)2r2

2m
− m

(
(pH − pL)r

(pH − pL)r + 2m

)2

> 0.

✷
Proof of Proposition 5. Solving the relevant expressions for banks’ profits equal to
after substituting (18) and (19) gives the equilibrium loan ratesr∗

1L = (2+ m)/(2pH) and
r∗
2L = (1+ m)/pH. The result follows immediately.✷

Proof of Proposition 6. Let I andE be the amounts that the firm borrows from the ba
and other outside investors. The competitive equilibrium is the solution to the follo
problem:

MaxI,r1T ,E,T ΠL
F1T

= [
M∗

1T (r1T )pH + (
1− M∗

1T (r1T )
)
pL

]
(R − r1T − T )

(A.1)+ (
1− M∗

1T (r1T )
)
B

subject to

(A.2)M∗
1T (r1T ) = (pH − pL)r1T

m
,

(A.3)
[
M∗

1T (r1T )pH + (
1− M∗

1T (r1T )
)
pL

]
r1T = I + m

2

(
M∗

1T (r1T )
)2

,

(A.4)
[
M∗

1T (r1T )pH + (
1− M∗

1T (r1T )
)
pL

]
T = E,

(A.5)r1T + T � R,
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where (A.1) is the firm’s expected profit, (A.2) is the bank’s incentive compatibility c
straint, i.e., its profit-maximizing monitoring level, (A.3) and (A.4) are the zero-p
conditions for the bank and the outside investors, and (A.5) is the contract feasibility
dition.

Substituting (A.2)–(A.4) into (A.1) and (A.5), and usingE = 1− I allows the problem
to be restated only in terms ofr1T . The constraint (A.5) then reduces to

(A.6)
1+ m

2

( (pH−pL)r1T

m

)2[ (pH−pL )r1T

m
pH + (1− (pH−pL )r1T

m
)pL

] � R.

Denoting byλ the Kuhn–Tucker multiplier associated to the constraint (A.6), the nece
and sufficient condition for the optimalr1T is given by

(pH − pL)2R

m
− (pH − pL)2r1T

m
− (pH − pL)B

m

(A.7)+ λ

[
pL

(pH − pL)r1T

m
− (pH − pL)2

m

]
= 0.

Suppose now that (A.6) is not binding, so thatλ = 0. Equation (A.7) reduces to

(A.8)r∗
1T = (pH − pL)R − B

(pH − pL)
.

Substituting (A.8) in (A.2) and then in (A.6) implies statement (1). When (A.6) is bind
r∗
1T is given by

(A.9)r∗
1T = (pH − pL)R − √

(pH − pL)2R2 − 2m(1− pLR)

(pH − pL)
.

The expression forr∗
1T in (A.9) is a positive real solution only if

m � (pH − pL)2R2

2m(1− pLR)
.

This implies statement (2). Solving (A.4) after substituting (A.8) and (A.9) gives state
(3). Substituting then (A.8) and (A.9) in (A.2) implies statement (4).✷
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